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PROGRESSIVE TRIALS OF THE STEAM BARGE 
OF THE COMMANDANT OF THE NEW 
YORK NAVY YARD. 


By CuieF ENGINEER ISHERWOOD, U. S. Navy. 


The progressive trials described in the following pages were 
made during November, 1888, by a Board consisting of Passed 
Assistant Engineers J. J. Barry and J. H. Perry, and Assistant 
Engineer W. Strother Smith, United States Navy, with the 
steam barge appropriated to the use of the Commandant of the 
New York Navy Yard. : 

The trials were-made in the Hudson river near New York 
City, for the purpose of ascertaining the efficiency of the ma- 
chinery, the power required to give the barge its different experi- 
mental speeds, and the resistance of the hull at those speeds. 

The following are the dimensions of the hull and of the ma- 
chinery : 

; HULL. 

The hull is of wood, coppered. The rudder is counterbal- 
anced, and there is no rudder post. At the stern a bronze skeg 
descends 13 inches below the bottom of the keel, passing beneath 
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the screw, and receiving at its free end the lower pintal or end 
of the rudder. This skeg was necessary for the protection of the 
screw, the lowest point of whose periphery had to be below the 
bottom of the keel in order to obtain a sufficient diameter. 

The top of the deck of the barge at the side, amidship, is 18 
inches above the surface of the water. The machinery is covered 
by a house erected on the deck, 734 feet wide and 3% feet high 
above the deck. The flat surface of the end of the house opposed 
to the air is 28.42 square feet. 

The sides of the stem and of the sternpost are chamfered to 
the form of the hull. 

The following are the principal dimensions and proportions of 
the hull: 


Extreme length of deck from forward side of stem to after 

SG. OF COTPNE oo csccicecccses sseee iets eal neha Mapeabandideaonanas 55 feet. 
Length on water line from the forward side of the stem to the 

after side of the sternpost.......... .0.. ais Sn 50 feet. 
10 feet 9 inches. 


10 feet 6 inches. 


Extreme breadth on deck.......... ...... saints tia ms 






Breadth on the water line 
Depth from top of deck beams to the "ae er edge of the rabbet 

of the keel, amidship, at side...... .......2. ..scc+ cosececes oe meuaeee 4 feet 1% inches. 
= 2 feet 7% inches. 
Depth of the keel below the lower edge of its rabbet............ 5 inches, 
Breadth of the keel............000 sieces oe ca nasbssheeeididets exallatiacaiaibiibs 4 inches. 
3 feet % inch. 
Angle of dead rise of the greatest immersed transverse section, 13 degrees. 


Depth from water line to lower edge of rabbet of keel. 








Mean draught of water from bottom of keel 


Area of greatest immersed transverse Section, exclusive of keel, 18.96 square feet. 
ARC CL WIRE BECO ocresccce ssvecseee costes secccseee seccecses tecsvecce SaaS SGmane inst. 


Displacement at water line per inch of deat apa dialghen 0.87873 ton. 
Displacement to water line, exclusive of keel........ evecece cocsee 17.3875 tons. 
Ratio of the length on water line from the forward side of the ° 


stem to the after side of the sternpost, to the breadth on the 

IE TIN ici tata cern nhs canoe donc naconas iiika ania adenine aaananes 4.76190 
Ratio of the greatest immersed transverse section exclusive 

of keel, to its circumscribing parallelogram........ epuneeaapente 0.68789 










Ratio of the water section to its circumscribing parallelo- 


QTAM ....00000 Shseiheh-aghbigh aoniee sce dptiee Astsetterareciualeiniines banews 0.70162 
Ration of the displacement exclusive of keel, to its circum- 
scribing parellopipedon.,.. ...... ..ss0+ seeeees diate Neatiedinenesents 0.44073 


Ratio of the displacement to a prism having the greatest im- 
mersed transverse section for base, and the length on the 
A TD I Cae sacsnds si kee devocnecs taeetntnitins Shien 0.64070 
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PROGRESSIVE TRIALS OF STEAM BARGE. 3 
Wetted surface of the hull alone........ ..ccccsee seceee -seeeeees ecbipas 460.65 square feet. 
Wetted surface of the keel ....c000. 00ss-coscesese sosece cosoneses cosees 60.60 square feet. 
Wetted surface of the skeg ...... rccceccs soccer cvesee cocceecee seoeeces 2.75 square feet. 
WHERIE GUSTRES GE TR FOIE once: pects: 65: consseichesse ccanceses vooois g.00 square feet. 
Total wetted surface of the vessel ......< 0200+ cscesecsscccscs soccceces 533-00 square feet. 
ENGINE. 


There is one vertical, direct acting, surface condensing, com- 
pound engine, with its two pairs of cranks at right angles to each 
other. Each cyliader has two piston valves, cutting off the 
steam by lap, and worked by the Joy valve gear. There are no 
independent cut-off valves. The Joy valve gear, as used during 
all the trials, gave the cylinder valves a stroke of 142 inches, the 
stroke with full gear being 2.18 inches. 

The air-pump and the feed-pump are. both vertical, single act- 
ing, and worked by the main engine. The surface condenser has 
a cylindrical shell from end to end. 

The injection or refrigerating water is supplied to the condenser 
by acentrifugal pump 15 inches in diameter and 1 inch in width, 
driven direct, without gearing, by a separate steam cylinder 2% 


-inches in diameter and 1 inches stroke of piston. This cylin- 


der is double acting ; the piston rod on one side of its piston is 

ig inch in diameter, and on the other side 43 inch in diameter. 
The engine was bought ready made from a manufacturer. The 

following are its principal dimensions and proportions : 


PORE GE OBS iiita, sisicssee've svete tndtin nicver miesondio 2. 
Diameter of the small cylinder. ...... ...... ..cccsces sescesees 6 inches, 
Diameter of the piston rod of the sma!l cylinder......... 1% inches. 
Net area of the piston of the small cylinder exclusive 
OF ite 26s Roe aneoce STRESS PEEP OR 27.777324 square inches. 
Stroke of the piston of the small cylinder... ...... ....s00e 8 inches. 
Space displacement of the piston of the small cylinder 
WO GI uaaik- cade sa cusehcnseubaieiaclininsas sence amcanosieBinn 0.1285987 cubic foot. 
Space in clearance and steam passage at one end of 
NEE I So isissiacicd cctctineey iacedvanacea Condens 0.01081656 cubic foot. 
Fraction which the space in clearance and steam pas- 
sage at one end of small cylinder is of the space dis- 
placement of its piston per stroke. ........ ..cc0s eeeeeeeee 0.08333-++ 
Length of the steam port of the small cylinder............ 54 inches. 
Breadth of the steam port of the small cylinder.......... 5 inch. 


Diameter of the large cylinder...,...... cssssese corse cesses 10,°, inches. 
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Diameter of the piston rod of the large cylinder......... 
Net area of the piston of the large cylinder exclusive of 
NE BOG, ccecscnsn coscsnece sotcesnes sotacececsen sovseessesesnenses 
Stroke of the piston of the large cylinder......... ss..000 
Space displacement of the piston of the large cylinder, 
PCF StFOKE...... cccccces covcccces soesee vovces voeee. seeces ove eee 
Space in clearance and steam passage at one end of 
Narge Cylinde?. .ococcece soscecsee conses coveceee. c0ée0e soscooces 
Fraction which the space in clearance and steam pas- 
sage at one end of large cylinder is of the space dis- 
placement of its piston per stroke....... ...+00eeceesseeees 
Length of the steam port of the large cylinder............ 
Breadth of the steam port of the large cylinder........... 
Ratio of the net area of the piston of the large cylinder 








to the net area of the piston of the small cylinder..... 
Diameter of the crosshead journal...... ...cesece seeee secon ; 
Length of the crosshead journal........cccscsese eeseseeees 
Diameter of the necks of the connecting rod............. ‘ 
Length of the connecting rod between centres of jour- 

OE snsnsie vivkas phvetocesnashnndncsepee eesces sone coves covescess 
Diameter of the crankpin journals......... 0.000 ¢ eeccccece 
Length of the crankpin journals...... pone . 
Diameter of the crankshaft journals.,........ PE be Bayete 
Number of crankshaft OE scntnincin ncttinseca sheesedeuee 
Lengths of the crankshaft journals,.......... ssosssese seoeee 
Diameter of the line shaft....... ......esessee00 oe coccecece 
Outside diameter of the thrust ring.......... © ccccccese coves ° 
SE Pe PE Ia. sie sascie shins teste siccewsneins opt ° 


Length of crosshead guide ......21. ssessccce sococsses escoseses 
Breadth of crosshead guide... ...ccccceceeeees ane ee we 
Diameter of air-pump, (single acting and lifting)........ 





Diameter of air-pump piston rod.........06 seeseseees 
Stroke of the piston of the air-pump............... sieriabe 
Space displacement of the air-pump piston, per stroke... 
Diameter of feed pump plunger.,,.......... sab alicia palin 
Stroke of feed pump plunger. ,........ sesseesee seeeee ce coceee 
Space displacement of feed pump plunger per stroke... 
Number of tubes in the surface condenser. ...... sessesees 
Outside diameter of tubes...........06 0 setoces coonta ececeee.o 
BIO WP Oiiecceds consntete- since ¢ 04000e coceee eoevceees sees eo 
Aggregtlc suriace: Of tubes secccesee seeses cosevesse sesces secees 


BOILER. 
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1% inches. 


87.1270359 square inches. 


8 inches. 
0.4033659 cubic foot. 


0.033613 cubic foot. 


0.08333+ 
83¢ inches. 
5% inch, 


3.136624. 
13 inches, 
3 inches. 
1% inches. 


24 inches. 
234 inches. 
3 inches. 
234 inches. 
% 


6%, 4% and 6¥ inches. 


2% inches. 
534 inches. 
20.0277 square inches. 
7 inches, 
4 inches, 
¥ inches. 
% inch. 
3% inches, 
0.0322136 cubic foot. 
15% inches, 
3% inches, 
0.0042006 cubic foot. 
gl. 
5% inch, 
8 feet. 
119.1187 square feet. 


There-is one vertical boiler of Ward’s patent, composed of iron 
tubes containing the water and strrounded by the gases of com- 


bustion. 
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PROGRESSIVE TRIALS OF STEAM BARGE, 8 


The shell and the grate are circular. The upper portion of 
the central pipe is superheating surface. 

The grate surface is 7.7 square feet; the heating surface for 
water, measured on the outside of the tubes, is 293 square feet. 
Ratio of the heating surface to the grate surface, 38.052. Height 
of chimney above the level of the grate, 10 feet. 


Weight of boiler . ; . 2,825 pounds. 
Weight of grate bars ‘ : 264 pounds. 
Weight of chimney , , . 146 pounds, 
Weight of water in boiler . : 473 pounds. 

Total . i > . 3,708 pounds. 


Air is supplied to the grate by a Sturtevant blower of mono- 
gram No. 2 size, driven by an independent double-acting oscil- 
lating steam cylinder of 2% inches diameter and 144 inches 
stroke of piston. This cylinder drives the blower direct—with- 





out gearing—and makes at the maximum 2,650 revolutions per 
minute, producing an air pressure in the ash pit equilibrating a 


water column 1% inches high. 
SCREW. 

The barge is propelled by one bronze screw of the modified 
Griffiths type. The blades—three in number—are arranged 
equidistant around the axis. The greatest breadth of the blade 
is at the radius of 6% inches. The thickness of the blade at the 
hub is 1 inch, and at the periphery ;*; inch. 

During all the trials made with this screw, the upper point of 
the periphery of its disc was 9 inches below the water surface 
when the barge was stationary 





Diameter of the screw..... ...eecee onb reer nara 3 feet 
Pb OE. GE: Ws ccneneice cuissied ivaies snvven cask gabaoressenans 0.50 feet. 
Pitch of the screw...... ss... sca ieceinech laa taie stdin dactaiieaieliesmashatahs deen 4 feet. 
Number of blades.......0. se0- de Guenss sheds. susdet Soleus Mnereewes > 3- 
Length of the blades in the direction of the axis at the per- 

SINIET is: scnkeicgs seevevecs catducse sevbascas en $06 one sesoee'e wevecces 2 inches. 
Length of the blades in the direction of the axis at 6% 

inches radius...... cose ose kak casmaneniee sanndasee duebedaci@hinen 10% inches. 
Length of the blades in the direction of the axis at the hub, 0.53 foot. 


Fraction used of the pitch at the periphewf..........++ seeserses 0.1250. 
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Fraction used of the pitch at radius of 6% inches............ © 6406. 
Fraction used of the pitch at the hub © 3975. 
Mean fraction used of the pitch...... .cccccces sescecses covcce cosces 0.4107. 
Helicoidal area of the blades..... . isdihadepaalehteleg titinowanacanebice 3-740454 square feet. 
Projected area of the blades on a plane at right angles to 

PE acrieketins cpiinhdtnvebinde Winn pitie teh deiblg ineeahchiahs topes dethee 2.822664 square feet. 
Projected area of the blades on a plane parallel to axis...... 2.335500 square feet. 
Fraction of a horse-power required for overcoming the 

surface resistance of the blades of the screw to the 

water, when the screw makes 60 revolutions per minute, 0.0226153. 


THE TRIALS. 


Seven progressive trials were made by the Board, the data and 
results of which, just as observed, are recorded in Table No. 1.* 

The respective speeds at which these trials were made, were 
4.2705, 5.5843, 6.5336, 6.9142, 7.5790, 8.5247 and 8.8528 geo- 
graphical miles per hour. The boiler could easily have been 
made to furnish steam enough for higher speeds, but the engine, 
with the screw employed and a boiler pressure of 150 pounds 
per square inch above the atmosphere, could not be made to de- 
velope more power. 

During the trials, the barge was kept as nearly as possible at 
3 feet % inch mean draught of water from the bottom of the 
keel, and was so trimmed that the rabbet of the keel was parallel 
to the water surface when the hull was stationary. Under these 
conditions, the upper point of the periphery of the screw was 9 
inches below the surface of the water. 

The speed was taken by a tested patent taffrail log. The indi- 
cators and gauges had all been previously tested. The runs 
were uniformly three geographical miles, in practically smooth 
water and light breezes, and on each mile an indicator diagram 
was taken from each end of each cylinder. The revolutions of 
the screw shaft were taken by counter. When each set of dia- 
srams was taken, all the corresponding pressures and tempera- 
tures were noted, so that for each run of 3 miles there were three 
complete sets of data, the mean of which in each particular case 
is given in the following table No. 1. 

The intention was to maintain the pressure in the boiler at 150 


* Follows page 33. 
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pounds per square inch above the atmosphere in all the trials, 
and to regulate the number of the screw’s revolutions by the 
throttle, and this intention was nearly realized. 

The number of revolutions made by the circulating pump and 
by the blower, were ascertained by a mechanical counter pressed 
by hand against the axes of the respective shafts. 

The height of the water columns was directly measured by the 
difference between the water levels in the two legs of a U tube. 


EXPLANATION OF TABLE NO. I. 


In the columns of table No. 1 will be found the data and re- 
sults of the progressive trials, given without correction and just 
as observed. Each column is lettered at the head for distinction, 
and contains the quantities belonging to one trial: these quan- 
tities are grouped and the lines numbered for facility of reference. 

The incomplete column between columns F and G, has been 
placed in the table because of the determination it affords of the 
slip of the screw at the experimental speed, and of some other 
quantities. 

Line 1 gives the day and hour at which each trial commenced. 

Total Quantities —Line 2 gives the length of course ran by the 
barge according to the taffrail log. It was in all cases 3 geograph- 
ical miles of 6,086 feet. Line 3 gives the time of running the 
course in minutes and seconds. Line 4 gives the total number 
of double strokes made by the pistons of the engine, and of rev- 
olutions made by the screw, in running the course, as determined 
by the numbers on the counter at the beginning and end of the 
course. 

Pressures—Lines 5 and 6 give, respectively, the steam pressures 
in the boiler and in the receiver, in pounds per square inch above 
the atmosphere, as denoted by tested spring gauges. Line 7 
gives the height of the barometer taken from the standard ba- 
rometer in the Navy Yard. Line 8 gives the “ vacuum in the 
condenser”, or more properly the pressure in the condenser be- 
low the atmospheric pressure, in-inches of mercury, as denoted 
by a tested gauge. Line g gives the fraction used of the throttle 
valve opening. 
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Temperatures—The temperatures on lines 10, {1, 12 and 13 
were taken by ordinary mercurial thermometers graduated ac- 
cording to the Fahrenheit scale. Line 10 gives the atmospheric 
temperature. Lines 11, 12 and 13 give, respectively, the temper- 
atures of the injection or river water entering the surface con- 
denser to condense the exhaust steam; of the same water when 
discharged from the condenser after being driven through it by 
the centrifugal pump; and of the feed water entering the boiler. 
It will be observed that in trials D, E, F and G, the temperature 
of the feed water (line 13) is less than that of the discharge 
water (line 12), and this was due to the fact that the capacity of 
the feed pump worked by the engine being too small to feed the 
boiler, river water had to be supplemented by the donkey pump. 

Auxiliary Engines—Lines 14 and 15 give, respectively, the 
number of revolutions made per minute by the circulating pump 
supplying the injection water to the condenser, and by the blower 
supplying air to the furnace. In trials A and B the blower was 
not used, the natural draught of the boiler furnishing sufficient 
air for the combustion required, but in the remaining trials the 
blower was used, discharging its air into a closed or an air-tight 
ashpit, producing the pressure therein given on line 16. The 
number of revolutions was taken in both cases by a mechanical 
counter. 

Speed.—Line 17 gives the number of double strokes made per 
minute by the pistons of the engine. These numbers are the 
quotients ofthe quantities on line 4 divided by the quantities on 
line 3. Line 18 gives the speeds of the vessel deduced from the 
quantities on lines 2 and 3. Lines 19 and 20 give, respectively, 
the slip of the screw in geographical miles per hour, and in per 
centum of its speed. The slip of the screw is the difference be- 
tween its speed expressed by the product of its pitch into the 
number of revolutions made in a given time, and the speed of the 
vessel in the same time. 

Steam Pressures in Cylinders —Lines 21 and 23 give, respect- 
ively, the mean indicated pressure in pounds per square inch on 
the pistons of the small and the large cylinders. These pres- 
sures include the pressure required to work the engine fer se, or 
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PROGRESSIVE TRIALS OF STEAM BARGE. 9 
unloaded, which being taken at 3.92 pounds per square inch for 
the piston of the small cylinder, and 1.25 pounds per square inch 
for the piston of the large cylinder, and deducted from the quan- 
tities on lines 21 and 23 respectively, leave the net pressures on 
the pistons in pounds per square inch as given on lines 22 and 
24. To obtain, however, a single expression for the indicated 
and net pressures producing the horse-power developed by the 
engine, it is necessary to reduce the pressures on the piston of 
the small cylinder (lines 21 and 23) to what they would be if ap- 
plied to the piston of the large cylinder, and to add these reduc- 
tions to the corresponding pressures (lines 22 and 24) on the 
piston of the large cylinder. These operations being performed 
by dividing the pressures on lines 21 and 23 by 3.136624 (the 
ratio of the area of the piston of the large cylinder to the area of 
the piston of the small cylinder) and adding the quotients to the 
pressures on lines 22 and 24, there result the pressures on lines 
25 and 26, which are the indicated and net pressures in pounds 
per square inch that would have had to be exerted on the piston 
of the large cylinder had the indicated and net horses power been 
developed by the large cylinder alone. 

Hlorses-Power—Lines 27 and 28 give the indicated and net 
horses-power developed by the small cylinder, calculated for the 
area of its piston in square inches, the speed of piston per minute 
due to the quantities on line 17, and the pressures on lines 21 
and 22. 

Lines 29 and 30 give the indicated and net horses-power de- 
veloped by the large cylinder, calculated for the area of its 
piston, the speed of piston per minute due to the quantities on 
line 17, and the pressures on lines 23 and 24. 

On line 31 are the aggregate indicated horses-power developed 
by the engine. They are the sum of the horses-power on lines 
27 and 29. On line 32 are the aggregate net horses-power devel- 
oped by the engine. They are the sum of the horses-power on 
lines 28 and 30. 

Distribution of the Indicated Horses-power—Lines 33 to 39, 
both inclusive, show the distribution of the indicated horses- 
power developed by the engine, in overcoming in the case of the 
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experimental barge, the various resistances incident to the pro- 
pulsion of a vessel by a screw. ; 

Line 33 contains the indicated horses-power developed by the 
engine (the same as on line 31). Line 34 contains the horses- 
power expended in working the engine per se or unloaded; this 
power is the difference between the indicated and net horses- 
power developed by the engine; it is what is required to over- 
come the friction of the moving parts of the unloaded engine, 
including the line shafting, and in working the various pumps of 
the engine. If the screw be supposed removed, the powers on 
line 34 are what are required to work the engine at the different 
experimental speeds. These powers are directly as the number 
of double strokes made by the pistons of the engine per minute, 
the pressure being constant for all speeds of piston for the same 
engine. 

Line 35 gives the net horses-power developed by the engine. 
This power is what remains of the indicated horses-power devel- 
oped by the engine (line 31 or 33) after deducting the horses- 
“power on line 34. The net horses-power are the power applied 
to the crank-pins. They are the commercially available power 
developed by the engine, or the power external to the engine. 

Line 36 gives the horses-power absorbed in overcoming the 
friction of the load; they are the product of the net horses-power 
(line 32 or 35) multiplied by the constant co-efficient of friction 
0.075: the latter being derived from Morin’s experiments to de- 
termine the coefficients of friction of well lubricated smooth 
metallic surfaces moving under pressure. The friction of the 
load is solely due to, and is proportional to the net horses-power ; 
it has no connection with the friction of the moving parts of the 
unloaded engine to which it is entirely additional. 
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Line 37 contains the horses-power expended in overcoming | 


the surface resistance of the screw-blades to the water. These 
quantities are calculated on the assumptions that the resistance 
of one square foot of cast metallic helicoidal surface moving in 
water at the helical speed of 10 feet per second is 0.45 pound, 
and that this resistance varies in the ratio of the square of the 
helical speed. 
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Lines 38 and 39 give, respectively, the horses-power expend:d 
in the slip of the screw and in the propulsion of the vessel, ob- 
tained in the following manner: The sum of the quantities on 
lines 36 and 37 being deducted from the quantities on line 35, 
the remainder is the horses-power expended in the slip of the 
screw and in the propulsion of the vessel. Now the pressure of 
the screw-blades producing the recession of the watery fulcrum 
of the screw, called the slip, produces also the advance of the 
vessel; consequently the power expended upon these two effects 
will be in the ratio of the speed of the slip to the speed of the 
vessel. But when the speed of the screw is represented by 100 
the slip of the screw in per centum of its speed (line 20) repre- 
sents the speed of the slip, and the difference between this per 


centum and 100 represents the speed of the vessel; hence, mul- 


tiplying the above remainder due to the deduction of the sum of 
the quantities on lines 36 and 37 from those on line 35, by the 
slip of the screw on line 20 considered as a fraction, will give the 
horses-power expended in that slip (line 38). The quantities on 
line 38 being deducted from the remainder above described, leave 
the horses-power expended in the propulsion of the vessel (line 
39). 

Lines 40 to 43, both inclusive, show the distribution of the 
net horses-power (line 32 or 35) in per centum of that power. 
The quantities on lines 40, 41, 42 and 43, are respectively the 
quantities on lines 36, 37, 38 and 39, expressed in per centum of 
the quantities on line 32 or 35, and give the power expended on 
the various effects, relatively ; the power applied to the crank pin 
being taken at 100. 

Line 44 gives the thrust of the screw in pounds. This thrust 
is the pressure produced by the screw biades upon the water: it 
is what would be shown by a dynamometer applied to the screw 
shaft when the Jatter is horizontal, and is calculated as follows: 
First, ascertain the number of foot-pounds of work in the power 
applied to the propulsion of the vessel, that is, multiply the 
horses-power on line 39 by 33,000. Then, determine the speed 
of the vessel in feet per minute from the quantities on line 18. 
Last, divide the former by the latter quantities and the quotients 
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will be the thrusts of the screw in pounds in the different trials. 
The thrust thus calculated is the thrust in the horizontal direction, 
which is the thrust required to be known. The thrust shown by 
a dynamometer is the thrust in the direction of the axis of the 
screw, which latter is rarely horizontal. 


RESULTS OF THE TRIALS. 


The first deduction to be made from the progressive trials is 
that of the law governing the resistance of the hull in function of 
its speed. 

The following comparison exhibits the different powers of the 
speed in which the resistance of the vessel increases; the resist- 
ance at the different experimental speeds being taken to be re- 
presented by the “thrust of the screw in pounds” (line 44 of Table 
No. 1): 


| Power of the speed in 
. c , | . + . 
Speed of the vessel} which the resist 
in geographical} ance of the vessel 
} § 
miles per hour. | increases between 


| 
| | 
Designation of the | Thrust of the screw 
trial, in pounds | 
| 


successive trials, 


144.5433 4.2705 

296.4816 5-5843 2.6783 
495 5044 6.5359 20255 
472.1184 6.9142 2.5750 
599.4837 7.5790 2.6016 
924-5317 8.5247 3.6842 
1125.1129 8.8525 5-2038 





From the above appears that the resistance of the vessel in 
function of its speed remained about the same up to the speed of, 
say, 7.5 geographical miles per hour (trial E); and that between 
the limits of speed in trials A and E, the resistance of the hull 
was, as an average, as the 2.4708 power of the speed. 

When the speed exceeded 7.5 geographical miles per hour, the 
resistance increased in a very much higher ratio than the above 
power of 2.4708. Between the speeds of 7.5790 and 8.5247 geo 
graphical miles per hour (trials E and F), the resistance of the 
vessel increased in the 3.6842 power of the speed; while between 
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‘the speeds of 8.5247 and 8.8525 geographical miles per hour 


(trials F and G) the resistance increased in the still higher ratio 
of the 5.2038 power of the speed. 

In trials F and G, the “ squatting” of the hull at the stern became 
excessive, and was much greater in trial G than in trial F. The 
great increase of resistance in function of speed in these two trials 
was undoubtedly due to this “squatting” whereby the form of 
the immersed solid of the hull relatively to the water surface 
became enormously changed. The “squatting” is caused by the 
water not filling with sufficient rapidity the cavity continuously 
made by the forward movement of the hull, the after body of 
which descends by its weight until it meets sufficient water to 
support it. The whole hull is thus inclined more and more to 
its direction of motion as its speed increases after it once begins 
to “squat”. The principal portion of the water filling the cavity 
flows into it vertically, due to the fact that the direction is given 
normal to the maximum pressure, which pressure is at the low- 
est depth of the cavity or plane of the rabbet of the keel at the 
stern. The inclination of the hull to the direction of its motion 
caused as above described, increases its resistance in function of 
speed; the greater the inclination the greater in some unknown 
ratio is this increase of resistance. These changes, if carried to 
the utmost extent, would cause the rabbet of the keel to make 
an enormous angle with the horizon so that the hull would appear 
as almost standing on its after end, in which case the resistance 
would beamaximum. The after body of the hull in its descent, 
does not fall quite to the point at which it would be wholly sup- 
ported by the water beneath it, the forward body partly supports 
the projecting after body, so that the forward body by this addi- 
tional weight thus thrown upon it becomes itself more deeply jm- 
mersed and has its resistance correspondingly increased, while 
the after body has a greater resistance at the same depression than 
it would have had, had the water met it solidly there. The result 
is that the resistance of the hull as a whole is greatly increased 
with increased inclination; the cross area of the cavity made in 
the water by the moving hull increases by being deepened, due to 
the “squatting” of the stern, so that the projection of the hull on 
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a plane at right angle¢ to the movement is greater, and the wetted 
surface of the hull is greater, as the inclination is greater. Under 
these circumstances a vessel moving at a velocity which produces 
“ squatting”, will ground in a depth of water that will float it 
when at rest. 

The “squatting” of the vessel not only increases its resistance 
in function of speed, but decreases the propelling efficiency of 
the screw by augmenting its slip beyond what is due to the 
resistance of the vessel. This augmentation of slip results from 
the inclination of the screw’s axis to the direction of the vessel's 
motion, caused by the “squatting” of the latter. If a given dis- 
tance is passed over by the vessel in an hour, then, supposing its 
screw to have no slip and its axis to be horizontal, the speed of 
the screw (pitch revolutions per hour) will be the same as 
that of the vessel; if, now, the axis of the screw be inclined to 
the horizontal, then, for the same speed of vessel as before, the 


screw will have to pass in the same time over a distance repre- 
sented by the secant of the angle of inclination while the vessel 
passes over a distance represented by radius, and must now have 
a slip represented by the difference between the secant and the 
radius of the angle. Whatever slip the screw may have, under 
any conditions, an increased inclination of its axis will increase 
that slip in the manner described. 

The increased slip of the screw due to increased inclination of 
its axis, may be further shown by forming a right angled triangle, 
the base of which is represented by the speed of the vessel in 
any given time, the hypotheneuse by the axis of the screw at the 
given angle of inclination, and the height by the vertical opposite 
the angle and cutting the hypotheneuse. If the “thrust of the 
screw” in the direction of its axis be represented by the hypoth- 
eneuse, the portion of that thrust expended in propelling the 
vessel will be represented by the base of the triangle (supposed 
horizontal), while the portion represented by the height of the 
triangle will be wholly expended upon the water in the vertical 
direction producing only displacement of that water, or slip to 
the full value of the vertical pressure. Of course, the vertical 
component of the thrust tends to lift the stern of the vessel, but if 
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the weight of the stern is greater than the vertical component, 
and it almost always greatly exceeds it, this tendency will not 
produce any sensible result. 

Furthermore, every increase in the slip of a given screw, is 
attended by an increase in the power required to be expended in 
overcoming the resistance of the surface of its blades to the water, 
because the greater the slip the oftener must the screw be re- 
volved for a given speed of vessel, and the power expended in 
overcoming the resistance of the surface of the blades to the 
water is in the ratio of the cube of the number of revolutions 
made by the screw in a given time. 

Hence, the increased inclination of the axis of the screw of a 
given vessel, caused by the “ squatting” of the latter, increases 
all the losses of useful effect by the screw in a higher ratio than 
is due to the increased resistance of the vessel in function of 
speed. Both the power expended in the slip and in overcoming 
the surface resistance of the blades are increased by the “squat- 
ting” beyond what is due to the same resistance of vessel without 


“ squatting”. 

A vessel, therefore, can only be forced above the speed at which 
“ squatting” commences by a disproportionate expenditure of en- 
gine power, the ratio of which disproportion rapidly increases as 
the “ squatting” becomes more and more. This is why, at high 
speeds of vessel, the engine power required increases so enor- 
mously above what is due to the theoretical law of the cubes of 
the speeds. The change in the form of the immersed solid of the 
hull, relatively to the water surface, and the exaggeration of the 
losses of useful effect by the screw, renders impossible all calcu- 
lation of the performance of a vessel beyond the speed at which 
squatting commences. Experimental knowledge in this case is 
the only guide. 

From the foregoing there evidently follows that the axis of the 
screw shaft, for the maximum effect from a given screw, should 
be placed in such a position in the vessel that it will be horizon- 
tal when the vessel is at the intended speed. Any deviation from 
this position involves a loss of useful effect by the screw, unnec- 
essary, and large in proportion as the angle of inclination of the 
axis to the horizontal is large. 
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Further, the “squatting” of the vessel causes an increase in the 
slip of the screw above what is due to the vessel’s resistance in 
function of speed, and above what has been above described, 
namely, the increase of slip due to the failure of the ascending or 
closing ‘in water at the stern of the vessel to get “solidly” upon 
the surface of the blades. As long as the vessel does not “squat”, 
this water necessarily reaches the entire blade surface, but when 


the “squatting” commences such is no longer the case, for the 


“squatting” itself being an effect of, is a proof of, deficiency of 
water at the stern; hence, only a portion of the blade surface of 
the screw acts propulsively on the water after “ squatting” com- 
mences, and this portion becomes less and less with greater and 
greater “squatting”. Probably the largest portion of the‘in- 
creased slip of the screw, as observed, is due to the failure of the 
water to reach the entire blade surface after the vessel passes the 
limit of speed at which the “ squatting” begins. This opinion is 
confirmed by the universal fact that, owing to difference of press- 
ure upon the screw surface in the lower half of the screw disc 
and in the upper half, a screw vessel with its helm amidship al- 
ways has a tendency to turn from a straight course, a tendency 
which increases with increased speed, and becomes strongly 
marked by requiring a larger helm to maintain a straight course 


‘ 


after the limit of speed at which “squatting” commences is passed. 
This increased angle of rudder necessary for steering ina straight 
line, again incteases the resistance of the vessel, which, in turn, 
again lessens the efficiency of the screw by increasing its losses 
of useful effect by slip and resistance of the screw surface to the 
water. 

The great decrease in propelling efficiency experienced by the 
screw when its axis is inclined at considerable angles to the hori- 
zon is probably the principal cause why a head sea, even when 
the screw remains congfantly immersed, so seriously lessens the 
speed of a screw vessel comparatively with what under the same 
conditions would be experienced by a paddle wheel steamer. In 
a head sea the pitching of the vessel keeps the axis of the screw 
always at a considerable angle with the horizon, and the screw 
as a result has its losses of useful effect by slip and by the surface 
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resistance of its blades so increased that its performance is les- 
sened largely below what is due to the increased resistance of the 
hull. 

All screw vessels should be subjected to a series of progress- 
ive trials in order to determine the speed at which “ squatting” 
commences in each particular case, because this speed is greater 
and greater as the vessel is longer and longer. For economical 
propulsion at high speeds, the vessel’s length must be increased 
with the speed, and the limit of speed tor economical propulsion 
in any case can only be known byexperiment. The progressive 
trials of the commandant’s barge shows this limit of speed for a 
vessel of its length. 

In the case of the barge, the speed at which the squatting com- 
menced may be taken at 7.5 geographical miles per hour, the 
vessel’s resistance in function of speed at that speed and lower 
speeds being in the 2.4708 power of the speed as previously de- 
termined. Assuming this law of resistance, and taking the ex- 
perimental “thrusts of the screw” at the different experimental 
speeds, ihere are obtained for the speed of 7.5 geographical miles 
per hour, the following “thrust” deduced from trials A, B, C, D 
and E: 





| Thrust of the screw 








} | 
Designation of the | Thrust of the screw | Speed of the — | yes — oad wen 
. fe In geographica speed of 7.5 geo- 
trial, in pounds, | so » i ee A 
mules per 10ur,. grap 11cai miies per 
| hour. 
| | 
: % | 
A ciscitaaiedeclininianidaes 144.5433 4.2705 | 581.1869 
B. .crcesece soseee sevceeees 296.4816 5.5843 614.4522 
i .chideay caleadnbs seiieenoos 405.5844 6.5336 571.6124 
D ..coccese soreee coveocece 472.1184 6.9142 577-0781 
Pe ssanioleboueesvesnotins 599.4837 7.5790 | 584.6784 
| 586.0000 











The slip of the,screw at the vessel’s speed of 7.5 geographical 
miles per hour, taken as the mean of the slips given at the above 
five trials, is 27 per centum of its axial speed, or 2.774 geograph- 
ical miles per hour. The corresponding number of revolutions 


2 
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made by the screw per minute is 260.5315. The indicated horses- 
power developed by the engine and its distribution, for the speed 
of 7.5 geographical miles per hour, are as follows: 




















| Per centum of 
| Horses-power. the net horses- 
power. 
Indicated horses-power developed by the engine....| 24.299831 
Horses-power expended in working the unloaded | 
SI OE SINS DP Wass ccnsencee ocnsiie tntten stones 2.292156 
Net horses-power developed by the engine and ap- 
RUE OD: GG CHIE FIN esice sy ceasveses ccesecece enntennce 22.007675 or 100.0000 
Horses-power absorbed in overcoming the friction| = 
OE GO BO cains sekaesinsintice hapatins soanenctooniiegians 1.650576 or 7.5000 
Horses-power expended in overcoming the surface 
resistance of the screw blades to the water.........| 1.851515 ss 8.4130 
Horses-power expended in the slip of the screw.... 4.996508 “ 22.7035 
Horses-power expended in the propulsion of the | 
Oe acald oad bshsheas sinceine Auslinade Giesesrdecheeheaindcincs | 13.509076 “© 61.2835 
NE ceenstinag nbeateiaabdiaietobalsaautieua satin 22.007675 or 100.0000 











Taking the resistance of the water to one square foot of the 
immersed exterior of the hull, or wetted surface of the hull, when 
moving in it with the velocity of 10 feet per second, to be 0.45 
pound, and at other velocities to be this quantity modified in the 
ratio of their squares to the square of 10, and deducing from 7.5 
geographical miles per hour speed of the vesssel the mean speed 
of its immersed surface due to the inclination of its horizontal 
water lines to its longitudinal central plane, there results for that 
speed 12.4 feet per second, and, consequently, a surface resistance 
of (107: 0.45 ::12.47:) 0.69192 pounds per sq .re foot moving 
with that velocity. 

As the total immersed external or wetted surface of the hull 
during the above performance was 533 square feet, the power ex- 
pended in overcoming its resistance was (5 $8x0-69192x12-4x60 —) 
8.314614 horses-power; consequently, of the 13.509076 horses- 
power required to propel the vessel alone at the experimental 
speed of 7.5 geographical miles per hour, (##}4614%,400=) 
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PROGRESSIVE TRIALS OF STEAM BARGE. 19 
61.5484 per centum were expended in overcoming the resistance 
of its wetted surface to the water, and the remaining 38.4516 per 
centum were expended in the displacement of water by the im- 
mersed solid of the hull, irrespective of the resistance of its im- 
mersed surface. 

The thrust of the screw was 586 pounds, calculated as before. 

Returning, now, to table No. 1, and the slips of the screw 
under the different experimental conditions, these slips in geo- 
graphical miles per hour (line 19) will be found in experiments 
B,C, D and E to bear a constant relation to the thrust of the 
screw in pounds (line 4). Ifthe data in all the experiments were 
exact, and if the water in all the cases came “solidly” upon the 
whole surface of the screw, then this constant relation would 
practically obtain in all the exeriments, as it theoretically should 
do. What is this constant relation? 

The pressure which the screw exerts upon the water, is due 
wholly to the resistance of the vessel: if a feather were to be pro- 
pelled by a large screw, the latter would exercise upon the water 
only the pressure due to the feather’s resistance: if, retaining the 
same screw, a small vessel were attached to it, the pressure of the 
screw upon the water would increase until the resistance of the 
small vessel at its speed were equilibrated, and if, successive 
larger and larger vessels were attached and propelled at the same 
speed, the pressure which the same screw would exert upon the 
water would correspondingly become larger and larger. Indeed 
a screw of quite small surface, relatively, will exert sufficient 
pressure upon the water to equilibrate the resistance of quite a 
large vessel at high speed. How is this variable and increasing 
resistance obtained from the same screw? Simply, by the screw 
increasing its slip in miles per hour. The pressure will be in 
the ratio of the square of the slip in miles, or other absolute units 
of length, per hour, because a double speed of slip not only moves 
the water with double velocity, but moves a double mass of it in 
the given time. Each increase of resistance thrown upon the 
screw is equilibrated by an increase of its slip as above defined, 
and the increase of the slip of the screw will be in the ratio of the 
square root of the increased resistance thrown upon it. 
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The question may properly be asked here, how do these pos- ¥ 


tulates harmonize with the so called “negative slip” of the 
screw? The answer is there is no such slip. All screws have, 


and necessarily must have, a positive slip, which may, in cases § 
where the screw is large relatively to thé resistance against it, be § 
small, so that a slight error in the pitch or in the revolutions of § 
the screw, or in the speed of the vessel, may make the speed of 9 


the latter appear to be greater than the speed of the screw, par- 


ticularly if all these errors happen to be in the same direction. 9 


Negative slip supposes that the vessel moves faster than the 


ceeds the product of the pitch of the screw into its number of 
revolutions per hour. As such a supposition is absolutely pre- 
posterous, a following current has been imagined to be generated 
by the vessel itself, and to move with it, so that the screw might 


have a positive slip in relation to this current, and a negative one § 


with relation to the speed of the vessel. Now, if there bea follow- 


ing current—due to anything—the vessel moves in it as well as § 


the screw; the same influence acts upon both, and no more affects 


their mutual relations than if the vessel was being propelled with 9 


the current of a tideway or a river in its favor. In order that the 


e F 
screw obtain any increase of propelling effect from a following § 


current, the vessel must not be affected by it, in which case the 
screw would act against a more resisting medium by the amount 
of vis: viva in the water of the following current due to the abso- 


lute speed of the current. In fact, however, no such following | 
current as the one which has been invented to account for nega- | 
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tive slip, acts in the supposed manner. The replacing current of 9 
water at the vessel’s stern is vertical, not horizontal, and the § 


water displaced by the slip of the screw also rises vertically—does | 


not flow horizontally, as is generally supposed. 

What is called the “ following wave” in the case of an advanc- 
ing vessel, is the capital, of the ascending column of replacing 
water which rises above the general water level in virtue of its 
vis viva. The greater the speed of the vessel, the greater is the 
distance between its stern and this capital, because as the water 
tises with the velocity due to gravity, that velocity will be the 
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= same in all cases of the same vessel, so that as the velocity of the 


vessel increases—the speed of ascent remaining constant—the 
space between the stern and the capital will increase as the speed 
of the vessel increases, instead of remaining constant if the wave 
were really a “following” one; in fact, the “following” wave 
does not follow. For propelling wiih maximum economy, the 
speed of the vessel should be such that the ascending column of 
replacing water will expend its entire vis viva on the overhanging 


‘ 


| inclined surfaces of the after body of the vessel, and thus assist 
} the propulsion. 


From the facts that the same pressure upon the water given in 
any case by the screw acts to propel the vessel forward and the 
slip or receding fulcrum of the screw aft, this pressure being 
known as the thrust of the screw; and that the resistance of the 
thrown back water constituting the slip is in the ratio of the square 
of its speed, there follows that the quotient of the division of the 
thrust of the screw in pounds by the square of the speed of the 
slip must be a constant theoretically, and will be a constant prac- 
tically, as long as the replacing water gets “solidly” upon the 


» whole of the screw surface, and it will reach the whole of that 


surface as long as the speed of the vessel does not exceed the 
speed which allows the ascending column of replacing water to 
strike the vessel’s after body forward of the screw’s position there. 
Should this not be the case, however, a portion of the screw sur- 
face would not receive “ solid” water to act propulsively upon, the 
propelling efficiency of the screw would be decreased correspond- 
ingly to the surface thus lessened, and the slip would be corre- 
spondingly increased. In other words, there would be, in place 
of the supposed screw surface, less screw surface, and th. ‘uotient 
resulting from the division of the thrust of the screw by the speed 
of its slip would no longer be a constant, but would become less 
and less as the speed of the vessel became greater and greater, 
because the slip of the screw would become abnormally greater 
in order that the less surface might obtain the required resistance 
from the water. 

Now experiment can determine this diminution of acting screw 
surface when the vessel exceeds a certain limit of speed, if a siffi- 
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cierit number of progressive trials be made below and above that § 
limit. The following table will illustrate,in the case of the ex- | 


perimental barge, the action of the foregoing principles : 
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Designation of the trial | o=S | § 2s 2s gs Sees 4 
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Sst |S. & ° & os germ & 
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Me vcccsocrecscer coscecece covece] 4.2705 | 3.3667 1.8136 144.5433 79.700 
DN sccchd exwnctincacnndakind sees] 5-5843 2.0791 4.3225 296.4816 68.589 § 

ip -sdnidbitattieb eed shtnensiavene 6.5336 2.4899 6.1996 405.5844 65.421 
| 2 CA eeee duliintnonener tein 6.9142 , 2.7016 7.2988 | 472.1184 | 64.686 | 
Wy sscckesee ddaver cicnensse’ vee] 7.5790 | 2.9879} 8.9276 | 509.4837 | 67.149 | 
_ eee ncenchonin beeen | 8.5247 | 4.0994 16.8051 924.5317 | 55.015 § 
Ciicvisancunin eosesad eocene conces | 8.8525 4.9098 | 24.1061 1125..129 | 46.673 y 
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Omitting trial A, which was made at so low a speed of vessel 


inch of the steam pistons to work the engine fer se or unloaded, 
would influence the result in a much greater degree than in the § 


case of higher speeds; and in which the slip of the screw seems 
to have been too small, owing doubtless to the greater influence 
proportionally of even a gentle breeze, when the vessel was at a 


that a slight error in the estimated pressure required per square @ 


». 


ws 


Pea eee 


low than when it was at a moderate speed. Trials B, C, D and@ 
E, which latter was made at a slightly greater speed than 7.5 § 
geographical miles per hour—the speed at which the “ squatting” § 


of the vessel commenced—show a very close agreement in the J 


constants obtained from them, namely: 


Designation 


of the trial. Constanis. 
B, . . 68.589 
_ ae ; 65.421 
D, ; : : 64.686 
By . : 67.149 
Mean, . ; . 66.461 
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The mean 66.461 will be taken as the correct constant for all 
speeds of the vessel less than that (7.5 geographical miles per 
hour) at which “ squatting” began. 

For the next trial, F, the constant, owing to the considerable 
squatting of the vessel, fell to 55.015, and the slip of the screw 
rose from the mean of 27 per centum for the preceding trials to 
32.4729 per centum. Now, had the water got “solidly” upon 
the entire screw surface in trial F, its constant would have been 
the same as that derived from the preceding trials, namely 
66.461, applying which the speed of the slip of the screw in trial 
F ought to have been (;/224-3317—) 3.7297 geographical miles 
per hour. The actual slip was 4.0994 geographical miles per 
hour, and as the pressure produced upon the water by the screw 
is in the ratio of the acting surface of the screw multiplied by the 
square of its slip in miles per hour, the acting screw surface in 
trial F must have been only (?738U —=}3:24246—) 0.8278 of the 
surface in the preceding trials. 

Again, for the last trial G, in which the “squatting” of the 
vessel was much greater than in trial F, the constant fell to 
46.673 while the slip of the screw rose from the mean of 27 per 
centum, due to the trials made before the “squatting” of the 
vessel began to 35.6759 per centum. Now had the water got 
“solidly” upon the entire screw surface in trial G, its constant 
would have been the same as that derived from the trials made be- 
fore the “squatting” commenced, namely 66.461, applying which 
the speed of the slip of the screw in trial G ought to “have been 
(/ 25a? 2=) 4.1145 geographical miles per hour. The actual 
slip was 4.9098 geographical miles per hour, and, as the pressure 
produced upon the water by the screw is in the ratio of the act- 
ing surface of the screw multiplied by the square of its slip in miles 
per hour, the acting screw surface in trial G must have been only 

441455—4}$-92911—) 0.7023 of the surface in the trials made 
before the commencement of the squatting. 


ECONOMY TRIAL. 
In addition to the progressive trials hereinbefore described, a 
trial of four consecutive hours was made to determine the fuel 
economy of the power. 
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This trial was conducted in precisely the same manner as the @ 


preceding one, and the same quantities were observed with the 
addition of the quantity of semi-bituminous coal consumed, which 
was very carefully weighed. The experiment commenced and 
ended with a full fire in the furnace. The refuse from the coal 
in ash and dust was not ascertained but has been taken at one- 
eighth of the weight of the coal consumed, as that fraction has 
been given by a great number of extensive experiments made 
with this coal in different boilers. 

The vessel’s draught of water and trim were exactly the same 
as during the progressive trials. The barge was run in opposite 
directions, each run of two hours’ duration. There was a gentle 
breeze ahead during the first two hours and the same breeze 
astern during the last two hours. There was a very gentle swell 
on the water. A set of observations was taken every fifteen 
minutes. 

The following table, No. 2, contains the data and results of 
the trial. In calculating the number of pounds of steam con- 
densed in the cylinders to furnish the heat transmuted into the 
power developed by the expanding steam, the mechanical equiv- 
alent of one Fahrenheit thermal unit is taken at 789% foot- 
pounds: 


TABLE No, 2, CONTAINING THE DATA AND RESULTS OF THE ECONOMY TRIAL. 


Date of commencing the trial......... .ecccccses coccee cocees 11:25 A. M., Nov. 22, 1888. 
Vessel’s mean draught of water in feet and inches...... einen seeaeiinen ‘ 30% 


TOTAL QUANTITIES. 





Length of course in geographical miles of 6,086 feet...... ......006 seeees 35-6060 
Time of running the course, in CONSECUTIVE OUTS... 00. occee cocces covcee 4. 
Total number of double strokes made by the pistons of the engine.. 84,384: 
Total number of pounds of semi-bituminous coal consumed........... 976. 
Total number of pounds of refuse from the coal........ cccecess coseesees 122. 
Total number of pounds of combustible consumed... 854. 
Per centum of the coal in refuse,......., ....ss00 seseevosecses 12.5 
ENGINE, 

Steam pressure in boiler in pounds per square inch above atmos- 

SIDUU < <cswan dtabte yeuned sence ccesee savior oi paihliledesata pitiless kdcdacnsiebaae 148.00 


Steam pressure in receiver in pounds per square inch above atmos- 
PROTEC... ccvrccoce coccccoes covces 0000s coccee coceee cose ne. daqncunon seabine seneas Sateen 30.20 
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Position of the throttle valve ......06 sesscseeeseeeees sidebbeabed eebsennes onde 
Vacuum in the condenser in inches of Mercury,.........0+ ceesceser seseee 
Height of the barometer in inches of mercury..............+ a 
Fraction completed of the stroke of the piston of the small ‘take 
when the steam was cut Off. ......006 esses iindbndés abeneunesedvadiees putibn 
Fraction completed of the stroke of the piston of the small cylinder 
when the steam was released............ shoksdés Setensesoonann eengen ane 


Fraction completed of the stroke of the piston of the small oglinden 
when the steam was cushioned... 
Fraction completed of the stroke of the piston a ‘the lange ofintes 


os eeeeeeeee 


when the steam was Cut Off. ... 20... .cse00 seeeee sevicadbebotnbiane eaaatens 
Fraction completed of the stroke of the piston of the large cylinder 
when the steam was released. ....<. 0000s soscecces cocece cosesones cosnseses 


Fraction completed of the stroke of the piston of the large cylinder 

when the steam was cushioned... ...... ..s000 esses 
Number of times the steam was expanded..........2..s+00 saleicabae Sataiiog 
Number of double strokes made per minute by the pistons of the 


Cece eens eeeeeeeee senee: 


ENZINE nocccccee 
Number of revolutions made per minute by the circulating pump... 


SPEED. 


Speed of the vessel per hour, in geographical miles..........0++ sessssees 


Slip of the screw per hour, in geographical miles... .....e0ee seseee saaea 
Slip of the screw in per centum of its speed ............ cescessecseee cocees 
TEMPERATURE. 
Temperature in degrees Fahrenheit, of the atmosphere. ...... ...000 sesees 
Temperature in degrees Fahrenheit of the injection water.... 
Temperature in degrees Fahrenheit of the discharge water,,........ ° 
Temperature in degrees Fahrenheit of the feed water... 


eee ences seneeeees 


RATE OF COMBUSTION, 


Number of pounds of semi-bituminous coal consumed per hour..,..... 
Number of pounds of combustile consumed per*hour......... sesee0 seers ; 
Pounds of coal consumed per hour per square foot of grate...,.....0 
Pounds of combustible consumed per hour per square foot of grate... 
Fraction of a pound of coal consumed per hour per square foot of 

MOI TIEN si scnseusesstectnainsasies cine’ ecoummnkerrs evcccece soscecees 
Fraction of a pound of combustible consumed per hour per square 

foot of heating surface...... eodibeunene esncss braosbees 
Number of revolutions made per minute me the blower... 
Air pressure in closed ash pit of boiler in column of water, fraction 





of an inch high...............0 ave ecsecavee coves 


STEAM PRESSURE IN 
Steam pressure in small cylinder at the commencement of the stroke 
of its piston, in pounds per square inch above Zero.......6. sesees seeee 


SMALL CYLINDER PER INDICATOR. 






Wide open. 


18.00 
30.52 


0.70 
0.95 
0.875 
0.70 


0.95 


0.875 
4.337885 


351.6 
353-0 


8.9015 
4.9638 
35.8000 


75-0 
47.0 
86.0 
100.0 


244.0 

213.5 
31.6883 
27-7273 


0.8328 


0.7287 
2294. 


0.932 
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Steam pressure in small cylinder at the point of cutting off the steam, 
in pounds per square inch abOVE ZETO. sescsee seseeee oseceee soeees eenees 
Steam pressure in small cylinder at the end of the stroke of its 
piston, in pounds per square inch above Z€T0.......e00eeserseee soessses 
Mean back pressure against the piston of the small cylinder, in- 
cluding cushioning, in pounds per square inch above zero.........+5 
Mean back pressure against the piston of the small cylinder, ex- 
cluding cushioning, in pounds per square inch above zero.......00+ 
Back pressure against the piston of the small cylinder where the 
cushioning begins, in pounds per square inch above zero..........+ 
Indicated pressure on the piston in pounds per square inch... ,........+ 
Net pressure on the piston in pounds per square inch.. .,....... ssssesees 
Total pressure on the piston in pounds per square inch...,......++++sseees 
Total pressure on the piston, of the expanding steam alone, in pounds 
per aquare inch above ZETO......000 sevccccce coscceses sosse cosccceee soscceeee 


STEAM PRESSURE IN LARGE CYLINDER PER INDICATOR. 


Steam pressure in large cylinder at the commencement of the stroke 
of its piston, in pounds per square inch above zero.. — 
Steam pressure in large cylinder at the point of cutting off the deme, 
in pounds per square inch above zero.., ‘ 
Steam pressure in large cylinder at és ont of the ade a1 its 
piston, in pounds per square inch above ZerO,,.....0. secsesees seeeeeee 
Mean back pressure against the piston of the large cylinder, in- 
cluding cushioning, in pounds per square inch above zero,.......+0 
Mean back pressure against the piston of the large cylinder, ex- 
cluding cushioning, in pounds per square inch above zerog......+0. 
Back pressure against the piston of the large cylinder where the cush- 
ioning begins, in poun .s per square inch above Zero,......0. seesecees 
Indicated pressure on the piston of the large cylinder, in pounds per 
anak saci encnadtababhamserisbiaee pinldimahuekin Gaiidatol aabasbars 
Net pressure on the piston of the large cylinder, in ote per square 
inch... eee sovece 
Total gomnase on the prewen of the’ lene pa arey in | pounds per 
square inch... aa 
Total pressure on Ge piston a the me eltates of the cxpenting 
steam alone, in pounds per square inch above zero..........++. @ sevees 


HORSES-POWER. 
Indicated horses-power developed by the small cylinder,,....... ...++ 
Net horses-power developed by the small cylinder...... ....secee seseeees 
Total horses-power developed by the small cylinder.......... pacsinbaanties 
Total horses-power developed by the expanding steam alone in the 
small Cylinder .ccccscce -<0000 cone oo 
Indicated horses-power developed en he toe oinin.. eocses esse 
Net horses-power developed by the large etl csi shetaciiiaeasede 
Total horses-power developed by the large cylinder.......1. sss sesees 





125.0 
86.5 
46.0 
45.8 
43-5 
78.00 
74.08 

118.075 


105.00 


32.00 
22.00 
9-5 


9.2 


24.0 
22.75 
32.05 


33-5 















































30.779295 | 


29.232438 
49.593144 


12.430100 
29.705567 
28.158402 
27.022175 





25.0 
86.5 
46.0 
45.8 
43-5 
78.00 
74.08 
18.075 


05.00 


40.00 
32.00 


22.00 


8.0 
24.0 
22.75 
32.05 


3-5 


eeiathne 5 Seats: 


Pela 


Me 


Rela aF 5, Lannea vega dat eA 





30.779295 | 


29.232438 
9.593144 


12.4 30100 
9-705 567 
8.158402 
17022175 
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Total horses-power developed by the expanding steam alone in the 
large cylinder... ......sesee o erecces evenceess seceeees deocee cee .ove 
Aggregate indicated horses-power pone oped by dene CIR. isccseees 
Aggregate net horses-power developed by the engine........... secseseee 
Aggregate total horses-power developed by the engine.. ......... sseeeeees 
Aggregate total horses-power developed by the expanding steam 
leis ie Te CIR cis vn ccs csi wis ehh gp Mah nag nie haan depen ge ence 
ECONOMIC RESULTS. 
Number of pounds of semi-bituminous coal consumed per hour per 
indicated horse-POWEP ...c.coes o. once sccecsces vicees consee orccvecpeese eecccece 
Number of pounds of semi-bituminous coal consumed per hour per 
net horse-POWET...... 2.00.0 sesees oe eocccce opcves coccee soeeee coe eoeees cocvcccee 
Number of pounds of semi-bituminous coal consumed per hour per 
CURE IRONS ROR ys cideiecad ciccss canees® 000s senced scemensacene Suadee-eepnanes 
Number of pounds of what remains of the coal, after deducting its 
refuse, consumed per hour per indicated horse-power...... .....0++ 
Number of pounds of what remains of the coal, after deducting its 
refuse, consumed per hour per net horse-power........++++++sesessees 
Number of pounds of what remains of the coal, after deducting its 
refuse, consumed per hour per total horse-power........ ..es00seees . 


WEIGHT OF STEAM PRESENT PER HOUR IN THE CYLINDERS, CALCULATED FROM 
THE PRESSURES THERE AS GIVEN BY THE INDICATOR, 


Number of pounds of steam present per hour in the small cylinder 
at the point of cutting off the steam.., kiana saveonntd 
Number of pounds of steam present per rhe ur in the cdl parerte 

at the end of the stroke of its piston,. evccccace cos ccs coeceenesesccese . 
Number of pounds of steam liquefied per cheer in Wie small cylinder 
to furnish the heat transmuted into the total horses-power devel- 


oped therein by the expanding steam alone... .......06 sceseeeee « sities 





Sum of the two quantities immediately above 
Number of pounds of steam present per hour in the large cylinder 
at the end of the stroke of its piston........ .sccsees oe sidshekn tacos ainien 
Number of pounds of steam liquefied per hour in the small and large 
cylinders to furnish the heat transmuted in them into the total horses- 
power developed in those cylinders by the expanding steam alone 
Sum of the two quantities immediately above...........s000 secre cuttnnese 


COST OF THE HORSE-POWER IN POUNDS OF WATER PER 
Number of pounds of steam entering the small cylinder per hour, on 
the supposition that the total cylinder condensation due to all 
causes was three times the weight of steam liquefied per hour in 
both cylinders, to furnish the heat transmuted in them into the 
total horses-power developed in both cylinders by the expanding 
steam alone; and that to this condensation is added the weight 
of steam present per hour in the large cylinder at the end of the 
Stroke Of its pistOn.. ...0.600s csveneces cocsssseceos seeeee coseee soccocces socceees 
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28.244708 
60.484862 
57-390840 
73-615319 


40.674808 


3.993726 
4.210079 
3.281383 
3-494510 
3-683819 


2.871210 


1,132.521387 
1,124.753365 
35-168276 
1,159.921641 
958.202275 


131.037614 
1,089.239889 


HOUR. 


1,351.315117 
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Pounds of water consumed per hour per indicated horse-power... 
Pounds of water consumed per hour per net horse-power 
Pounds of water consumed per hour per total horse-power......... .. 


BOILER VAPORIZATION, 


Pounds of water vaporized per hour in the boiler from the feed water 
temperature of 100 degrees Fahrenheit, being the above number of 
pounds of steam entering the small cylinder per hour, increased 
by about 2 per centum of the boiler vaporization to include the 
steam used in the two auxiliary engines 

Pounds of water vaporized from 100 degress Fahrenheit by one 
| ee ee eovesece cuscoeee bescee Wasaies eeeinsinn arenes ane 

Pounds of water vaporized from 100 degrees Fahrenheit by one 


SNE GE GIR aocsics cncccnete sccnec contesisnces conens coveee 


EQUIVALENT PRESSURES ON THE PISTON OF THE LARGE CYLINDER ALONE, 


Indicated pressure that would have been upon the piston of the 
large cylinder in pounds per square inch, had the indicated 
horses-power developed by the engine been developed in that cyl- 
inder alone 
Net pressure that would have been upon the piston of the large cyl- 
inder in pounds per square inch, had the net horses-power de- 
veloped by the engine been developed in that cylinder alone 
Total pressure that would have been upon the piston of the large 
cylinder in pounds per square inch above zero, had the total 
horses-power developed by the engine been developed in that 
CIEIE GIO cscettceds eves savansene.« erececes vvveee cecees cocese coccee coccee 59.475979 
Back pressure that would have been against the piston of the large 
cylinder in pounds per square inch, had the indicated and total 
horses-power developed by the engine been developed in that cyl- 
ENGST BIONE..., .0sc00ce vesocvave's ecereccce 10.608479 


In the foregoing table No. 2 the total horses-power developed 
in the small cylinder has been calculated for the total pressure on 
its entire piston down to the zero line: the total horses-power 
developed by the expanding steam alone in that cylinder has been 


similarly calculated for the pressure of that steam down to the 
zero line of pressure. But in the case of the large cylinder, the 


total horses-power developed therein has been calculated for the 
total pressure down to zero, excluding the cushioning, on only 
the annular surface remaining after subtracting the piston of the 
small cylinder from the piston of the large cylinder. The horses- 
power developed by the expanding steam alone in the large cylin- 
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der has been calculated for the same annular surface and for the 
pressure down to the zero line, zcluding the cushioning, which, 
of course, makes this power greater than the total power, by the 
power due to the cushioning. 

In calculating the weight of steam present per hour in the small 
cylinder at the point of cutting off the steam and at the end of 
the stroke of the piston; and in the large cylinder at the end of 
the stroke of its piston, the weight was first calculated for the 
cylinder capacity, plus the space in the clearance and steam pas- 
sage at one end of the cylinder; and from this weight there was 
deducted the weight of steam in the cylinder and in the clearance 
and steam passage at the point where the cushioning began, using 
the back pressure at that point for determining this weight. 

To the weight of steam calculated for the small cylinder at the 
point of cutting off the steam, no addition is to be made: it is the 
entire weight accounted for by the indicator at that point; but 
.o the weight of steam calculated for the small cylinder at the end 
of the stroke of its piston, there must be added the weight of 
steam liquefied in that cylinder to furnish the heat transmuted 
into the horses-power developed by the expanding steam alone ; 
the sum of the two quantities constitutes the weight of steam ac- 
counted for by the indicator at the end of the stroke of the piston 
of the small cylinder. In the case of the large cylinder, there 
must be added to the weight of steam present at the end of the 
stroke of the piston, the weights of steam liquefied in both the 
small cylinder and the large cylinder to furnish the heat trans- 
muted into the power developed by the expanding steam. The 
sum of the three quantities constitutes the weight of steam ac- 
counted for by the indicator at the end of the stroke of the piston 
of the large cylinder. 

The number of pounds of steam liquefied per hour in the cylin- 
der to furnish the heat transmuted into the total horses-power 
developed by the expanding steam alone, is obtained by multi- 
plying the mechanical equivalent of the Fahrenheit unit of heat 
(789% foot-pounds) by the number of minutes (60) in an hour, 
and that product by the total horses-power developed by the 
expanding steam alone, and dividing the latter product by the 
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latent heat of the mean pressure of the expanding steam down J 
to zero. 

The steam accounted for by the indicator does not include the 
steam expended in the cylinders of the circulating pump and of 
the blower. This quantity can only be estimated, and certainly 
will not exceed two per centum of the quantity vaporized in the 
boiler. 

The weight of coal consumed includes, of course, the weight 
consumed for producing the steam expended in the cylinders of 
the circulating pump engine and of the blowing engine. The 
power developed by the cylinder of the circulating pump engine 
should be added to the power developed by the cylinders of the 
main engine, the sum being the power exerted by the engine, and 
this aggregate power should be divided into the weight of coal 
consumed per hour in order to obtain the true cost of the 
horse-power in pounds of coal consumed per hour. The cost of 
the horse-power in pounds of coal and of combustible consumed 
per hour, as given in table No. 2, has been obtained by deduct- 
ing one per centum from the weight of coal consumed per hour, 
as the quantity used in producing the steam expended in the 
engine of the circulating pump, and dividing the remainder by 
the indicated, net, and total horses-power developed by the main § 
engine. 

The power developed by the blowing engine should not be 
included as a part of the engine power. It is wholly consumed 
in producing an artificial draught for the boiler, and is no more 
chargeable to the main engine than the heat passing in the gases 
of combustion from the chimney into the atmosphere when 
natural draught is used. It is merely the cost of the additional 
draught over what the natural draught would cost in heat, and 
is due to the system. 

The weight of water vaporized per hour in the boiler has been 
calculated in the table by adding to the weight of steam accounted 
for by the indicator at the end of the stroke of the piston of the 
large cylinder, calculated from the pressure there, three times the 
weight of steam liquefied in the cylinders to furnish the heat trans- 
muted into the power developed by the expanding steam alone, as 
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experiment has shown in many cases, that this is about the pro- 
portion of cylinder condensation due to all causes; additionally, 2 
per centum of the weight of water vaporized in the boiler is al- 
The 
division of this final weight of water by the coal gives the econ- 
omic vaporization by the latter. 

There remains only to add the “distribution of the power” 
during the performance in table No. 2, as follows: 


lowed for the steam used in the two auxiliary engines. 





Per centum 
Horses-Power.| of the net 
horses-power. 





Indicated horses-power developed by the engine........ 
Horses-power expended in working the unloaded en- 
gine, or engine fer se 


60.484862 


3-094022 


57-390840 


Net horses-power developed by the engine and applied 
to the crank-pin 





Horses-power absorbed in overcoming the friction of 


the load 
Horses-power expended in overcoming the surface re- 
sistance of the screw blades to the water 
Horses-power expended in the slip of the screw......... 


Horses-power expended in the propulsion of the vessel. 


Pe aisiiiash sheiatibieletdncn dikainias aemanae 


4.304313 


4.550877 
17-375763 
31.159887 





57-390840 











The thrust of the screw, calculated as hereinbefore described, 
was 1,138.8484 pounds. 

The horses-power expended in overcoming the immersed ex- 
ternal surface resistance of the hull to the water, calculated as 
hereinbefore described, was 13.901037 horses-power, conse- 
quently, of the 31.159887 horses-power required to propel the 
vessel alone at the experimental speed of 8.9015 geographical 
miles per hour, (12:294937%100 —) 44.6120 per centum were ex- 
pended in overcoming the resistance of its wetted surface, and 
the remaining 55.3880 per centum were expended in the dis- 
placement of water by the immersed solid of the hull, irrespec- 
tive of the resistance of its immersed surface. 

As the wetted surface is a constant quantity at all speeds of 
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vessel, and as its resistance varies as the squares of the speeds of 
the vessel, the expenditure of power to overcome this surface re 
sistance at different speeds will be in the ratio of the cubes o 
the speeds, and, consequently, is unaffected by the “ squatting’ 
of the vessel. Hence, the increased resistance of the hull above 
what is due to the square of the speed, which obtains after squat 
ting commences, appertains wholly to the immersed solid of thé 
hull, irrespective of its surface. In the experimental speed of 
squatting” com4 
menced, the power required to overcome the resistance of the 


7.5 geographical miles per hour, above which “ 
immersed solid of the hull irrespective of its surface, was 
5.194462 horses, and when the speed was increased above thaf 
limit to 8.9015 geographical miles per hour, the vessel gradually 
squatting more and more as the speed became greater and greater 
than 7.5 miles per hour, the resistance of the immersed solid o 
the hull irrespective of its surface became 17.258850 horses 
power, consequently, the horses-power increased in the 7.008g 
power of the speed, instead of the theoretical 3d power of the 


speed. The resistance of the immersed solid of the hull irrespec4 
tive of the resistance of its wetted surface, as measured by the 
portion of the thrust of the screw applied to overcoming it, was, 


of course, in the 6.0089 power of the speed. 

From the foregoing will be perceived that a vessel of given 
linear dimensions should be modeled wholly with reference to the 
speed at which it is to be used. For all the speeds below the speed 
at which “squatting” commences, the model should be fuller than 
for speeds above that limit; and the vessel’s coefficient of dis- 
placement should become less and less the more that limit is 
exceeded. 

Previously to the application of steam power to the propulsion 
of vessels, nothing could be known of the dynamical problems 
of naval architecture because the propelling power could be 
neither geometrically applied nor measured. The vessel moving 
under the oblique pressure of its sails, was always more or less 
careened, and its trim was modified by the excessive leverage on 
the hull of the center of pressure of the sails. The statical prob 
lems had all been perfectly solved by eminent mathematicians 











TABLE NO. 1, CONTAINING THE UNCORRECTED DATA.AND RESULTS OF THE PROGRESSIVE T 
APPROPRIATED TO THE PSE OF THE COM 


These trials were made during November, 1888, in the Hudson river near New York City, the B&rge when at rest bein 
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1 BS GE Cemetary WR i ascctccsevencserenscoesensccnia poeeunccevensvecennessnetnpesestaccamivesseteninsosceces eocaveeverenccccoccoccsenes covseooeees wel 2:45 P. M., Nov. 16 | 1: 
TOTAL QUANTITIES. 
2 | Length of course in geographical miles at 6,086 feet........... seennaee ecceccsceveconansecoceooscese | 3. | 
3 | Time of running the course, in minutes and seconds........... | 42:9 | 
4 | Total number of double strokes made by the pistons of the eng 6004. 
PRESSURES. 
5 | Steam pressure in boiler, in pounds per square inch above atmosphere.......c..-..ee..ceeeeessereeeeres eee seecceseeseseceese| 152.7 } 
6 | Steam pressure in receiver, in pounds per square inch above atmosphere. 4.0 | 
7 | Height of the barometer, in inches of mercury......... oneessqannen eresocacsneceeqcess ccsscocossconse 30.17 
8 | Vacuum in the condenser, in inches of mercury | 9.83 
> | Demeter CUes OF Tie CRPRNTES CRIES CCIE oviccccsncccssscesccscnsncsncesecsensccccecttse snccscocccceteorsoeneosossosoesene apecetutensesescces.oie . 0.0625 
TEMPERATURES. | 
1o | Temperature in degrees Fahrenheit, of the atmosphere | 71.7 | 
11 Temperature in degrees Fahrenheit, of the injection water e+] 52.0 | 
12 | Temperature in degrees Fahrenheit, of the discharge water. 62.7 | 
ey Fenn Ob a URINE, OE Ce FRR Wea seceececsesicncnenecececensetevenssescncstncessenincceocnsiciioserecesieces Stseinarincues | 77-3 | 
AUXILIARY @NGINES., | 
| 
14 | Number of revolutions made per minute by the circulating pump 4. 
15 Number of revolutions made per minute by the blower | Not used 
16 | Height, in fractions of an inch, of the column of water equilibrating the air pressure in the ash pit of the boiler.......... SS pnense - 
SPEED. 
17 | Number of double strokes made per minute by the pistons of the pangnes cocecec ce cosescseesesoosscossoncsceseose 142.4437 
18 — of the vessel per hour in geographical miles of 6,086 feet.. 4.2705 
19 ip of the screw in geographical miles per hour....... 1.3467 
20 Slip of the screw in per centum of its speed... sone 23-9750 
STEAM PRESSURE IN CYLINDERS. } 
21 | Indicated pressure on the piston of the smaii cylinder in pounds per square inch.........sssssssesreseesesesreereceetecenncesseeees | 17.123 
22 aX et pressure on the piston of the small cylinder in pounds per square inch......... 13.203 
23 dicated pressure on the piston of the large cylinder in | agewegd per square inch. 3-073 
24 | Net pressure on the piston of the large cylinder in pounds per square inch 1.823 
25 Equivalent indicated pressure on the piston of the large cylinder alone in pounds per square inch.. 8.532054 
26 | Equivalent net pressure on the piston of the large cylinder alone in pounds per square inCh......scseessesee sssesesessee ences 6.032302 
HORSES-POWER. 
27 | Indicated horses-power developed by the small cylinder. questo - 2.737400 
28 | Net horses-power developed by the small cylinder ........ 2.110722 
29 | Indicated horses-power developed by the large peat 1.540932 
30 | Net horses-power developed by the large cylinder............ 0.914129 
31 | Aggregate indicated horses-power developed by the: engine. 4-278 332 
32 | Aggregate net horses-power developed by the engine.............. enntnvenntnseenins . o> ecosoesnconcsee coccee sesesn enoperessovencocceses 3.024851 
DISTRIBUTION OF THE INDICATED HORSES-POWER. 
33 | Indicated horses-power developed by the engine 4.278332 
34 | Horses-power expended in working the unloaded engine, or engi 1.253481 
35 | Net horses-power developed by the engine and applied to the crank onan 3.024851 
36 | Horses power absorbed in overcoming the friction of the load. ..........++ 0.226864 
37 | Horses-power expended in overcoming the surface resistance of the screw blades to the water 0.302606 
38 | Horses-power expended in the slip of the screw.. a eve 0.598268 
39 | Horses-power expended in the propulsion of Wie Wass co casecncnteess ove 1.897113 
DISTRIBUTION OF THE NET HORSES-POWER. 
40 | Percentum of the net horses-power absorbed in ov ercoming the friction of the load.............sessessseeeessenserseeeeessessnsees 7.5000 
41 Per centum of the net horses-power expended in overcoming the surface resistance of the screw blades to the water.. 10.0040 
42 | Per centum of the net horses-power expended in the slip of the screw.. eosses 19 7784 
43 | Per ¢entum of the net horses-power expended in the propulsion of the vessel.........- e-eoccesnes 62.7176 
| 
44 | Thrust of the screw, in pounds....... socensasosovecossocoseneseensoncosoernessiencesseveesoed 144.5433 
| 
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TRIALS MADE BY A BOARD OF UNITED STATES NAVAL ENGINEERS WITH THE STEAM 
OMMANDANT OF THE NEW YORK NAVY YARD. 


eing maintained at 3 feet %4 inch mean draught of water, with the rabbet of the keel parallel to the surface of the water. 
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and there remained nothing to add; to that extent, therefore, 
naval architecture was as exhausted a science as geometry. But 
the, if possible, more important dynamical problems still await 
the necessary experimental data which alone can solve them. 
Abstract science is of but little use in their solution, hence all 
steam vessels should be subjected to a complete set of accurately 
conducted progressive trials, and all the data measurable should 
be measured with proper instruments by experts, the results in 
each case being carefully analyzed and reported with all the 
drawings and dimensions necessary to a complete understanding 
of the case. This would be interrogating nature on the scale of 
practice, and the money value of her answers would be so great 


that thé cost of the questioning would sink, comparatively, into 


insignificance. Without such experimentation and reporting, 
the designing of vessels with the view of obtaining their max- 
imum economic performance relatively to power applied, is but 
little better than guess-work. 


PASSED ASSISTANT ENGINEER ASA M. Matrtice, U.S. N.—The 


“ 


author of the paper, attributes “squatting”, or change of trim of 
a vessel in motion, solely to the cavity caused by the forward 
motion of the vessel not being filled with sufficent rapidity. This 
is one cause, but not the only one. A vessel might be made with 
an after body of sufficient length and of proper form to allow the 
cavity to be filled with sufficient rapidity, but “squatting” might 
still result from the hollow of the bow or displacement wave oc- 
curring somewhere along the after part of the vessel. When the 
hollow of the bow wave coincides with the hollow caused by a 
will be a maximum. In the 


” 


full after body the “squatting 
commandant’s barge I think that a change in the form of the fore 
body by which the amplitude of the bow wave would be de- 


’ 


creased would give a greater speed and less “squatting” with the 
same engine power, as the hollow of the wave would be brought 
further forward. There has been considerable, change of late 
years in the form of fore bodies of small craft intended for speed. 
A few years ago the “wave line” was the only recognized proper 


form. It took the water from a state of rest and moved it aside 


' 
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with a uniform acceleration and then brought it to rest with a 
uniform retardation. Experience found, however, that a water 
line having a less angle of greatest obliquity would create a bow 
wave of less amplitude, as the maximum speed of displacement 
is less. Now a water line having outward curvature only can 
have a smaller maximum angle of obliquity than a line of con- 
trary flexure, for the same beam and length of fore body. An 
examination of the lines of some of the more successful of recent 
high-speed small craft will show that the builders appreciate this 
fact. In some cases there is only a slight suspicion of concavity 
of the lines, while in others the lines start out straight, or slightly 
convex, fromthe stem. The lines of the Herreshoff yacht “ Leila”, 
shown in Chief Engineer Isherwood’s report on that vessel in 
1881, are a good example. Not only should the coefficient of 
displacement be less for the higher speeds, as indicated by the 
author, but due attention must be paid to the forms of the lines 
of both the fore and after bodies; the former to decrease the 
wave-making tendency, and the latter to allow the water to be 
replaced with sufficient rapidity. The coefficient of displacement 
can be made very small by making very hollow entrance lines, 
but such a hull would have a large wave-making resistance, and 
would “squat” more than a fuller vessel with better lines. 

I cannot agree with the author about the “ following wave”. 
We all know that if a square-stern boat is dragged through the 
water eddies can be plainly seen where the surface water turns 
sharply around the corner of the stern and follows the boat until 
lost in the dead water at the middle of the wake. The phenom- 
enon is also sometimes seen of a boat being towed behind a bluff- 
stern vessel with a slack tow rope; that is to say, the boat is 
carried along by the eddying water following the vessel, with 
little or no pull on the tow rope. Even with the best formed 
vessels a film of water of greater or less thickness, according to 
circumstances, is set in motion by the hull, and the “ following 
wave”, being made up in part of this water, must “follow” to some 
extent. This is greatest in shallow water, where the small depth 
of water under the vessel causes a greater forward current to be 
induced. This was exemplified in some of the preliminary trials 
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of the “ Vesuvius”. In running at full speed in six fathoms ot 
water there was a large following wave which appeared con- 
stantly to be about to come on board, while in three fathoms 
of water the edge of the wave did actually come over the stern. 

Thetheory of so-called “ negative slip” is not at all incompatible, 
in my mind, with the theory of positive slip. In order to pro- 
duce a given thrust an amount of water must be moved aft from 
its primary position with a given velocity. This water need not 
be at absolute rest when taken by the propelling instrument. It 
is the change in velocity which produces the thrust; not the ac- 
tual velocity. Ifthe proper amount of water is moving forward 
with a given velocity the propelling instrument need give it 
an absolute motion in a backward direction only sufficiently 
great to produce the necessary reaction; and thus, while actu- 
ally producing a certain redative sternward velocity of the water 
apparently produces a less, because the actual backward move- 
ment of the water zs less. It is not easy to find a strictly analo- 
gous case to illustrate the theory of negative slip, but for want 
of a better the following may perhaps answer the purpose. In 
some forms of compressed-air refrigerating machinery the air is 
first compressed by a steam engine, and then, after the heat of 
compression has been abstracted, it is allowed to expand to a 
certain extent in a cylinder, which forms a part of the engine, 
thus giving back part of the work which was originally done 
upon it. Now, if we measure the work done in the steam cylin- 
der and in the compression cylinder we will find, making due 
allowance for loss by friction, that the work done in the com- 
presser is greater than the work done by the steam engine, or 
the engine has “negative slip”, as we might say. The solution 
of this apparent anomaly is to be found in the air-expansion cyl- 
inder when the the compressed air is made to help “work its 
passage”, so to speak. In the same way with a vessel having a 
badly formed run, some of the water which has been uselessly 
set in motion comes around behind the propeller and “helps 
push”. Of course, in the case of the vessel, there is no gain by 
the “negative” slip, but quite the contrary, because we have set 
a large quantity of water in motion by the bad shape of the stern 
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and have only utilized the vs viva of a portion of this water to 
assist in propulsion. 

Another point on which I cannot agree with the author is the 
theory that the water displaced by the slip of the screw rises 
vertically instead of flowing horizontally. The propelling force 
is the horizontal component of the reaction caused by the dis- 
placement of the water, and if the water rises vertically there 
cannot be any horizontal component, therefore no propulsion. 
Towards the surface is undoubtedly the direction of least resist- 
ance, but the water is set in motion, or rather is acted on by a 
force, in practically a horizontal direction, and it must move in 
that direction unless acted upon by external forces. An external 
force exists in the difference of pressure of the surrounding water 
in various directions. The resultant of these pressures tend to 
force the moving particle of water upwards, and it will, therefore, 
take a direction resultant upon the forces acting on it, or an 
obliquely upward direction. If we project a ball into the air it 
has, after leaving the hand, certain external forces acting upon 
it—the resistance of the air and the attraction of gravitation, the 
formet of which may be neglected. The direction of least resist- 
ance of the latter is downward, but we do not deduce from this 
the theory that the ball will fall immediately to the ground, but 
we know that it will take a certain resultant direction, finally 
reaching the ground, but at a distance from the hand. In the 
case of the moving particle of water the tendency to rise exists 
only as long as the motion imparted by the propelling instrument 
exists, so that when this motion is destroyed by fluid friction 
the vertical motion ceases, and it is doubtful if more than a very 
small portion of the water ever reaches the surface. 

I think that the necessity of making careful progressive trials 
of fast screw vessels cannot be too strongly urged, and besides 
the usual instruments of observation there should be means of 
measuring the actual thrust so as to eliminate the various losses 
and tell exactly what force is required to overcome the resistance 
of the vessel. In the original design of the “ Yorktown’s” ma- 
chinery the Bureau of Steam Engineering contemplated the in- 
troduction of a permanent thrust-dynamometer. The thrust 
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bearing was of the “horse-shoe” pattern with a very small fore- 
and-aft play in the rods on which the horse-shoes were strung. 
These rods were connected through a system of levers with a 
hydraulic diaphragm of the type used by Mr. Emery in the 
Watertown testing machine and other delicate weighing apparatus. 
From this instrument a very small pipe led to a delicate gauge 
in the engine room. Another small diaphragm near the gauge 
was fitted to be put under pressure by a screw and hand-wheel. 
Ordinarily there would be no pressure in this hydraulic system, 
but when a reading of the thrust was desired the hand-wheel 
would be turned and pressure exerted on the small diaphragm, 
thus putting the system under pressure and moving the thrust- 
block aft from its stops an infinitesimal distance. The reading of 
the gauge would then show the thrust f/us the friction of the pro- 
peller-shaft and thrust-block. Upon slowly slacking back the 
hand-wheel the gauge reading would fall to some extent, and 
The mean of the 
two readings would thus give the actual thrust as near as the 


would show the thrust szzzus the friction. 


mechanism could be made to indicate. This instrument was, 
unfortunately, never constructed, as the machinery was built 
on plans furnished by the contractor, and a valuable oppor- 
tunity to increase our knowledge of propulsion thereby lost. 
ASSISTANT ENGINEER H. W. SPANGLER, U. S. N.—It may be of 
interest in connection with this paper to note some experiments 
made at Stevens Institute to determine the friction of the load. 
In all of Mr. Isherwood’s work the power used in overcoming 
the increased friction due to the load has been taken as 7% per 
cent. of the power remaining after subtracting from the indicated 


horse-power that necessary to run the engine at the speed, un- 


loaded. The experiments referred to were made on engines 
running at constant speed, and it was found that the difference 
between the power indicated and that absorbed by a friction 
brake or sent through a transmitting dynamometer was practi- 
cally constant. Mr. Barrus, at the XIV meeting of the A. S. M« 
E., cited an engine running at constant speed in which the engine 
unloaded required 6.1 horse-power to run it; at 44.5 I. H. P. the 
brake power was 6.1 less; at 34.6 I. H. Pp. the brake power was 
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5.6 less; and at 25.3 1. H. Pp. the difference was 6.3. Numerous 
other examples could be referred to in which, at constant speed, 
the friction of the engine unloaded was practically the same as 
when loaded. It is true that both these examples are from non- 
condensing engines, and the power was taken off by belt or brake, 
but as the engine dealt with by Mr. Isherwood has a separate 
circulating pump, it seems probable that some such condition of 
affairs holds in this engine if we omit the friction on the thrust- 
block. At 7% knots the thrust is 586 tbs., according to Mr. 
Isherwood. This is distributed over a ring 534 inches outside 
diameter and 13{ inches inside diameter. The friction due to the 
load is not likely to be much greater than that due to this pres- 
sure, and the power absorbed in overcoming it falls far short of 
the 7% per cent. used by Mr. Isherwood. 

The question of negative slip is a peculiar one. It does not 
seem possible that any ship could move faster than the screw 
driving it, but a statement that this can not be in the face of a 
series of trials like those of the “Iris”, in which six times the slip 
is given as negative and ten times as positive, requires some ex- 
planation. Mr. Isherwood puts the trouble down to errors of 
observation. There are only three quantities to be used in de- 
termining the amount of slip—the time of moving over a given 
distance, the number of revolutions in that same time and the 
pitch of the screw. Taking any set of careful observations such 
as were made during the trials of the “Iris,” it is almost incred- 
ible that any errors or combination of errors could make a differ- 
ence of 5.33 per cent. in the slip, as it must have been positive, 
and the results are certainly negative as calculated from the ob- 
servations. It cannot be doubted that the observations are rea- 
sonably correct. Our slip is not observed, however, it is calcu- 
lated, and may not our method of calculation be wrong? Many 
of the screws in which negative slip has shown itself have been 
either of expanding pitch or adjustable blades. A propeller 20 
feet in diameter, we will suppose, turns once per second; its axis 
is horizontal, and its pitch expands from 22 to 25 feet. A 
block allowed to move freely horizontally without friction rests 
against the leading edge of a blade, and by the time the 
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blade of the propeller has passed the block it will be moving at 
25 feet per second, and not at 224, the mean pitch. It seems 
clear that the slip of a propeller of this kind should be calculated 
from the greatest pitch and not the mean pitch. This will in 
most cases make the slip positive, as it should be, or at least 
brings it within the limits that can safely be due to errors of ob- 
servation. 

The explanation of what is called the “ following wave”, seems 
to me to be unsatisfactory. The method of reasoning used can 
be put in a few words: ist. The ship moving along tends to 
vacate certain space. 2d. This space is filled with water from 
below under the influence of gravity. 3d. This water can rise 
“above the general water level in virtue of its vs viva”. The first 
is without doubt true; the second, modified somewhat, is true 
also; the third, taken in connection with the second, can not be 
true. If it were true the problem of perpetual motion would be 
once more solved, for we would get work for nothing. A hollow, 
empty, open-top vessel is fastened in a second vessel of water so 
that the open-top is just above the level of the water. Here is 
our first condition exaggerated. A hole is made in the bottom; 
here is our second condition, as the water tends to fill the vessel 
by gravity. If our third condition is true, our water inside must 
rise above that outside by its vs viva, and this is simply not so. 
Tnere is one other matter that I would like to refer to, if I am 
not taking up too much space, and that is the use of the constant 
789% for the mechanical equivalent of heat. This is based on 
experiments made in France, and reported on by a committee of 
of the Institute, February 13,1865. It is to be remembered that 
M. Tresca was one of the experimenters whose work was re- 
ported on by this committee. The number in French units was 
433, the equivalent of 789%. To show the amount of confidence 
M. Tresca put in this value, I quote from his work in Comptes 
Rendus, vol. xcvii, p. 223, June 8, 1874—“l’effet calorifique pro- 
duit aura pour expression A 6 X d X ¢ (¢—4) et, en multipliant 
cette quantité de chaleur développée par 425, on aurait pour 
valeur de son equivalent en travail, 7’ = 425 A dbdc (¢t—4)", 
showing that M. Tresca did not put sufficient faith in the results 
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of his own experiments to use this constant (the equivalent of 
789%). 

ASSISTANT ENGINEER T. W. Kinxarp, U. S. N.—Mr. President: 
As reference has been made to the vertical direction of the water 
of replacement in the case of the action of the screw, I would like 
to recall an incident which forcibly illustrated the point, and 
which was described in a paper on “ Twin Ship Propulsion”, by 
Mr. G. C. Mackrow, Trans. Inst. Naval Architects, 1879. A twin 
ship consisting of two hulls joined together, somewhat after the 
fashion of a catamaran, and having a paddle wheel located be- 
tween the hulls, was under trial at the dock. When the paddles 
began to act, it was expected, very naturally, that a very strong 
current would be induced between the hulls fore and aft. The 
expectation was only partially realized; for, while the water ran 
like a mill-race between the runs of the two hulls, yet, to the 
surprise of everybody, the surface of the water forward of the 
paddles was quite tranquil, floating chips and the like not being 
disturbed in the least. Investigation showed that the supply of 
water to the paddles came from under the hulls, its direction 
having, of course, a decided vertical component. 

PassED ASSISTANT ENGINEER G. W. Bairp, U.S. N.—I did not 
understand that part of Mr. Isherwood’s paper referring to the 
following current in the same way as does Mr. Mattice. Bya 
following current I understand a body of water having a motion 
of translation; that is, its particles moving in the same direction 
with, sensibly, the same velocity. There is, without doubt, an 
eddy along the sides and at the ends of a body moving in the 
water, and that eddy is augmented as the velocity of the floating 
body is increased, and also as its bluntness is exaggerated. 

I had the honor, some 18 years ago, to assist Mr. Isherwood 
in his experiments at Mare Island, on the screw propeller. This 
same question of relative increase of speed and power arose, for 
it was found that the established ratio increased when a speed of 
nine knots was exceeded. Mr. Isherwood placed a straightedge on 
the cabin floor and brought it to a horizontal bya spirit level which 
he placed on top of it; the vessel remained level until a velocity of 
nine knots was exceeded, when she began to rise at the bow. The 
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lines of the vessel were such as to cause that rise, a species of model 
which had been handed down to us from the sail period; a form 
adapted to resisting the pressure of the sails, the centre of whose 
pressure was above the tops, ordinarily. Any form of vessel 
which will alter its draught when moved through the water must, 
necessarily, introduce additional resistance. The first model I 
have any recollection of which seemed to take cognizance of 
these laws, was made by the late Chief Engineer Stimers, U. S. 
Navy, some time previous to 1864. It had been sent to the De- 
partment by its inventor, and I saw it first, in that year, among a 
pile of rejected models, in the cock-loft of the Winder building. 
It embraced the essential features of the great U-bow section, so 
admirably demonstrated at a later period by the distinguished 
marine architect, Mr. E. J. Reed. Verily, “the stone which the 
builders rejected, the same has become the head of the corner”. 


A vote of thanks was accorded Mr. Isherwood for his Paper. 








II. 


DUTY AND CAPACITY TESTS OF THE HIGH 
SERVICE PUMPING ENGINES, WASHINGTON, 
a &. 


By PasseEp ASSISTANT ENGINEER G. W. Barrp, U. S. Navy. 

The tests herein described were made in August, 1888, for the 
Commissioners of the District of Columbia, on the High Service 
pumping engines at the U street station, in accordance with the 
contract entered into between the Commissioners and the Holly 
Manufacturing Company, of Lockport, New York. 

The following description of the plant and of the tests, to- 
gether with the results, are embodied in my report to the Com- 
missioners : 

THE PLANT. 


The plant is situated on a reservation between U and S and 
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Sixteenth and Seventeenth streets, in this city, its purpose being 
to receive water from the 20-inch low service main, and to deliver 
either into the high service main or into the stand pipe at the 
head of Sixteenth street. The high service main referred to sup- 
plies all that portion of the city shown in Plate 1; while the stand 
pipe, which holds 270,919 gallons of water, supplies that portion 
of the city beyond the boundary, and what is known as Columbia 
Heights. 

The plant consists of two engines, according to the patents of 
H. F. Gaskill, and two horizontal, externally fired boilers, which 
were built and erected by the Holly Manufacturing Company. 
Either boiler may be used to drive either engine. The plants are 
duplicate. 

THE BOILERS. 


The boilers are designated as the North and the South boiler, 
and the engines as the East and the West engine. The boilers 
are much larger than is essential to drive the engines; in fact one 
boiler is ample to run both the engines at the contract speed. 
The boilers are set in brick work, with the usual cast iron fronts, 
having closely fitting furnace doors and ash pit doors. The fur- 
nace is at the front end. The gases of combustion pass first un- 
der the bottom of the boiler, then returning through tubes, and 
return again over the top of the shell to the back end, to the 
smoke flue. Almost the whole of the external surface of the 
boiler is thus enveloped in the heated gases of combustion. The 
superheating surface on the top of the shell is inefficient, for the 
reason that it is quickly covered with soot. 

The principal dimensions of the boilers are as follows: 

Number of boilers 

Diameter of the shells 

Length of the shells 

Number of tubes in each boiler , 

External diameter of the tubes 3% inches. 
Tibclcpnees Of the tahoe... ..00000ce sccccsece oossse ac sovcnssse coccessce senses ¥ inch. 
Length of the tubes 14 feet. 
Least distance between the tubes and the shell, at the sides 2% inches. 
Least distance between the tubes and the bottom of the boiler... 51% inches. 
Spacing of the tubes, vertically 
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Spacing of the tubes, laterally... 
ee Ge WARE GR inics <ove es sidetechsenn sheen sanene « ghéasioen 
Height of the steam drums...... 
Number of furnaces to each boiler... 

Width of the furnace grates.., 

Length of the fuanace grates.........s00 esses ooees 


eens teeeeeee . eeeeseee 


oe eeeeeeee ote eeee erences . 


Area of grate surface in each boiler,........ sescceses cessecees soneeeecs 
Area of grate surface in both boilers..... 
Aggregate cross area, for draught Gnsagh ‘the are in ‘nal 
SS connann ovases cocccccce coccee oo eccccee voncee coccee 


Aggregate cross area, for draught over the bridge wall of each 


Area for draught through the chimney, at smallest contraction.. 
Water heating surface in the shell of each boiler. ......... sesscsees 
Water heating surface in the tubes of each boiler.......... s..000. 
Water heating surface on the heads of each boiler 

Aggregate water heating surface in each boiler 

Water room in each boiler... 4 

Superheating surface in the shell = onl: hatiek, 

Superheating surface in the drum of each bills diikdacias pase 
Aggregate superheating surface in each boiler............ cesses sevens 
Steam room in. each boiler... 1.2000 cessee cveeee ce coat eeniveaaema gt seee 
Ratio of water heating to grate*surface 

Ratio of grate surface to area over the bridge wall for draught... 
Ratio of grate surface to area through the tubes for draught...... 
Ratio of grate surface to area through the chimney for draught.. 
Height of chimney above the grate...... ...s0ssssese sevees seceee seces ; 
Extreme length of the brick work of each boiler............2.se000 
Extreme width of the brick work of each boiler 

Extreme height, above the floor, of the brick work of one boiler. 
Wodtis OF tans cde: OF orate WA IB aac cc cc ncee scccsessc costes tesese 


Width of air space between grate bars.......0. ssssesseeecsees soeeeeees 


COAL. 
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5 inches, 

2 feet 9 inches. 
3 feet 6 inches. 
i. 

5 feet 6 inches. 
5 feet 6 inches, 
30.25 square feet. 
62.5 square feet. 


3.71 square feet. 


4.03 square feet. 
3.82 square feet. 
63 square feet. 
742.16 square feet. 
14.93 square feet. 
820.09 square feet. 
139.28 cubic feet. 
54.978 square feet. 
15.119 square feet. 
70.097 square feet. 
69.6 cubic feet. 
27.11 to I. 
7.5 tor. 
8.15 to I. 
7-92 tol. 
88 feet 4 inches. 
20 feet 6 inches. 
8 feet 7 inches. 
11 feet 7 inches. 
1 5% inches. 
% inch. 


The fuel consumed during the test was a good quality of 


George’s Creek 


Cumberland (semi-bituminous) coal, of the kind 


regularly shipped by the contractor, and was burned just as re- 


ceived. 
A special analysis by A.S 
Hygrometric water, ; 
Volatile matter, other than water, 


Fixed carbon, 
Ash, 


. McCreath gave the following: 


1.01 
13.92 
82.96 

3.11 
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THE ENGINES. 

There are two separate engines shown on Plate, each having 
four steam cylinders, and two water cylinders. The engines are 
horizontal, compound, rotative engines, and are in pairs; each 
pair acting on a crank placed at right angles on a single shaft. 
There is a fly-wheel on the middle of the shaft. 

The high pressure cylinders are placed on top of the low pres- 
sure cylinders, with very short steam passages between them. 

The piston rod of the high pressure cylinder is connected, 
through links, to the upper end of a working beam, and the two 
piston rods of the low pressure cylinders are connected similarly 
to the lower end of the same beam. The movements of the pis- 
tons of each pair are, therefore, coexisting and alternate. From 
the cross-heads of the high pressure cylinders the connecting rods 
extend to and work the cranks, and from the cross-heads of the 
low pressure cylinders the pumps are worked. 

The rock shafts (the beam center), extending from the beams, 
carry arms which work the air and feed pumps. 

The valves are actuated by eccentrics on revolving shafts, 
which receive their motion from the main shaft through the in- 
tervention of miter gearing. The opening of the high pressure 
steam valves (which are poppets) is effected by the intervention 
of reversed lifter toes with an intervening lever. By a unique 
arrangement the one toe slides off the other, effecting a trip cut- 
off. A dash pot is employed to cushion the valve in its fall. 

The intermediate valves and the exhaust valves of the low 


pressure are gridiron slides. The valves are readily accessible 
for repairs. The cut-off (the h. p. steam) valves are momenta- 


rily adjustable. 

The steam jackets, which cover the heads and sides of all the 
steam cylinders, drain into a kind of feed water heater, the supply 
of steam being regulated by valves, without the interposition of 
steam traps. 

The cross head guides are single rectangular bars and the 
cross heads are of the locomotive pattern. 

The links and connecting rods are fitted with the ordinary 
gibs and keys, and the pillow blocks with the ordinary caps and 
bolts. 





1) having 
zines are 
rs; each 
tle shaft. 


Ow pres- 
them. 
nnected, 
the two 
similarly 
the pis- 
From 
ing rods 
's of the 


» beams, 


shafts, 
the in- 


yressure 
‘vention 
, unique 
‘rip cut- 
fall. 

the low 
cessible 
»menta- 


‘all the 
> supply 
sition of 


und the 


rdinary 
aps and 


TEST OF PUMPING ENGINES. 45 


The beam centers are carried on cast iron pedestals bolted to 
the sole plates, and are braced, from the steam cylinder on the 
one side and the water cylinder on the other, by wrought iron 
braces having collars and keys. The engines are mounted on 
brick foundations. 

The water end is of the usual form, except that it has a plunger 
(after the Worthington style) which is packed by means of a 
stuffing box and gland; this packing is reached only by remov- 
ing the cylinder head of the pump. The water valves are of 
bronze, with rubber seats. The net opening of each valve is 1.35 
square inches and its weight is 15 ounces, 

There is an air chamber to each waterend. A No. 8 Westing- 
house air pump is provided to supply air to these chambers when 
necessary. 

There is a surface condenser for each engine. The condensers 
are cylindrical in form, with their axes horizontal, they each con- 
tain 128 brass tubes 1 inch outside diameter, and 7 feet 5 inches in 
length. The circulating water passes through the tubes and the 
circulation is derived by a shunt from the main suction. 

There are four single acting air pumps on each engine, having 
a diameter of 10 inches and a stroke of 12 inches. The aggre- 


gate piston displacement of the air pumps, per revolution, is 2.18 
cubic feet. The air pump valves are 8 inches diameter. There 


are four single acting piston feed pumps on each engine, worked 
from arms on the beam center; they receive their water from the 
feed water heater above described, which receives its heat from 
the drains from the jackets. 

The main shaft is carried on pillow blocks, which are cast on 
the discharge chambers of the main pumps. 

The fly wheel, which is on the middle of the main shah, runs 
between the two pump cylinders. 

The pumps receive their water from a 20-inch main, and dis- 
charge into the high service mains against a head of about 57 
feet ordinarily. 

The following are the principal dimensions of one engine. 
Number of high pressure cylinders.,.......... 000+ 2. 


Diameter of the high pressure cylinders............... 12 inches, 
Diameter of the high pressure piston rods,.,........ 1% inches, 
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Net area of each high pressure piston 

Stroke of the high pressure pistons : 

Displacement of the high pressure piston per stroke, 

Space in clearance and steam passages at one end 
of high pressure cylinder... 


Ratio of clearance to piston dhathtetenes 


Area of steam port of high pressure cylinder.... 
Area of exhaust port of high pressure cylinder 
Clearance of high pressure piston 

Number of low pressure cylinders... 

Diameter of the low pressure cylinders,...........+0+++ 
Diameters of the (two) low pressure piston rods.... 
Net area of each low pressure piston.. 

Stroke of the low pressure pistons., aagnaiaael 
Displacement of each low pressure piston tes one 
stroke., $0s enboes onvsce sonseesee : 
Space in deenin ol steam passages at one ail of 

low pressure cylinder 
Ratio of clearance to piston displacement...... 
Area of low pressure steam port 
Area of low pressure exhaust port 
Clearance of low pressure piston., ......000 sessesee seeeee 
EE Fe I sikiicncs cepedccnessoxtonintea tantes 
Diameter of each air pump 
Net area of the valves of each air pump 
Stroke of the air: pumps ........0c seceee sevees prnensuen abe 
Aggregate piston displacement of the air pumps of 
one engine for one revolution,........00.sssees eee soe 
Number of feed pumpsS......000 sessseees sees 
Diameter of the feed pumps 
Stroke of the feed pumps.. si Sabine 
Aggregate displacement "7 the feed pump pistons 
for one revolution of the engine 
Diameter of the condenser ,....... 
Length of the condenser 
Number of tubes in the condenser.......... socees cocsee 
External diameter of the condenser tubes.... ....... 
Length of the condenser tubes... ........+ 00 seseesees soe 


22 inches. 
1.4222 cubic feet. 


.035 cubic feet. 
2.461 per cent. 
7% square inches. 

121 square inches. 
¥ inch, 

2. 

24 inches. 

24 inches. 


448.41 square inches, 


22 inches. 
5-709 cubic feet. 


-17 cubic feet. 

2.96 per cent. 
121% square inches. 
24% square inches. 


4. 
10 inches. 
47 square inches. 
12 inches, 


2.18 cubic feet. 
4. 

2% inches. 

6 inches, 


0.055 cubic feet. 
24% inches. 
8 feet 4 inches. 


128. 


I inch. 
7 feet 5 inches. 


Aggregate condensing surface,,.....+++++ sesses seve seoee 248.5 Square feet. 


Square feet of condensing surface per indicated 
HOFSE-POWET ....0006 seesseeee 

Length of the connecting rods between centers....., 

Area of the neck of each connecting rod, 

Diameter of the cross head journals, H. P............ 

Length of the cross head journals, H. P......... 

Diameter of the crank pin journals........... 


64 inches. 
5 square inches, 


24 inches, L. P., 2% inches. 


2% inches, L. P., 3 inches. 
3 inches. 


oat @Q28 bee Gt 6) O. . See Oe Ge fet Ot Gee fet 





2% inches. 


3 inches. 
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Length of the crank pin journals,.........0.ss0sseee0e0e 334 inches. 
Number of main journals on each shaft... .........+ 2. 
Diameter of the main journals 6 inches. 
Length of the main journals II inches. 
Diameter of the beam-center evens pcsiodhaaieh diigroibaiatn 5 inches. 
9 inches. 
Diameter of the fy wheel 7 feet 11 inches. 
Area of cross section of the rim of the fly wheel....._ 48 square inches. 
DEGREE GE Cae Gy WE ss an cccsine connie ccnecenes ev tenses 7200 lbs. 
Diameter of the pump plungers 14% inches, 
Diasstter of the prima POdS .o....6 ssccecsse cocce socssoes 2% inches, 
Net area of each pump plungef...........+..2sesseeeeee 162.68 square inches. 
Net displacement of each sheng,» per venules, in gal- 
MIs ci ucick-ckstans kadenan nnaaaminon daaida aes waieaaiesaiele 15-493 
Aggregate displacement of the two pump plungers 
for one revolution of the engine 14318.62 cubic inches. 
Number of suction valves in each end of each pump.. 35. 
Diameter of opening of each valve... .......00 sesseeeee 1,5; inches. 
Aggregate area of opening of the suction valves for 
each end of each pump...... ......006 sesees 47.25 Square inches. 
Ratio of area of plunger to area hionaghs rae suction 
Meda nick vox bus quran aabcas Wierae cbasiensen wecaeiiaas 3-44 tol. 
Number of discharge valves in each end of each 
34+ 
Diameter of opening of each valve,........ssecc0eseeee ‘I q5g inches. 
Aggregate area of opening of the rename valve 
of each end of each pump 45.90 square inches, 
Ratio of area of plunger to area through the dis- 
charge valves.......0csccsas see coreccccccccesc.cccccce 3-54 tO E-. 
Number of air chambers on oath ENZINE....... sreeee 2. 
Diameter of the air chambers 


Height of the air chambers.........000 000 cseses cocceseoe 4 feet 6 inches. 


THE TERMS OF THE CONTRACT. 


According to the terms of the contract, the duty test was to 
continue for 24 hours consecutively, during which time it was to 
work smoothly and steadily, without heating or vibration, at the 
contract rate of delivery, which is 2,500,000 gallons of water 
against a head of 140 feet, at a piston speed not exceeding 110 
feet per minute. The contract requires a duty of 90,000,000 
foot-pounds for 100 pounds of coal, “based on an evaporation 
of ten to one.” The contract also provides that the computation 
for capacity shall be made from the plunger displacement, mak- 
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ing due allowance for slip as the Engineer Commissioner shall 

determine. 

The contract further provides that the duty shail be computed 
by the formula 

P N H X 100 

ie 2 

in which P = pounds of water delivered per stroke. 

N = total number of strokes. 

H = total fluid resistance, including static and frictional heads, 
and allowing one pound for friction through the pumps and 
passages. 

W =number of pounds of coal burnt during the test, not com- 
puting the coal used for raising steam. 

By the term 


Duty = 


[1.] 


“ 


an evaporation of ten to one” I understand, in 
this case, a vaporization of ten pounds of water for each and 
every pound of coal, from the temperature of the feed water, and 
at the temperature due to the boiler pressure employed. 


The amount of water vaporized by a given weight of coal is 
universally conceded to be the proper measure of the efficiency of 
a boiler, but in the comparison of boilers, they should have equally 
good coal, be fed with water of the same temperature and fur- 
nish steam at the same pressure. The comparison is properly 
made by reference to the equivalent vaporization from and at 212 
degrees per pound of combustible; that is, what the vaporization 
would have been had the coal been without ashes or refuse of 
any kind; the feed water delivered to the boiler at the boiling 
point and vaporized under the atmospheric pressure alone. 

By reference to the contracts for pumping engines, between E. 
P. Allis & Co. with the city of Hannibal, Mo., with the city of 
Alleghany, Pa., and with the city of Decatur, IIl., and Robert 
Wetherill & Co. with the city of Philadelphia, Pa., and with Cin- 
cinnatti, Ohio, I find the stipulation of a vaporization of ten pounds 
of water per pound of coal, as in this case, and that the contractors 
understand it to mean, unequivocally, that their duty is to be 
based on a vaporization of ten pounds of water for each and 
every pound of coal, from the normal temperature of the feed 
water. 


. 
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MANNER OF MAKING THE TESTS. 


The scales for weighing the feed water and for weighing the 
coal were tested by the Sealer of weights and measures, and 
found to be correct. 

The pressure gauges were compared with a certified gauge, 
and corrections made for them where errors were found. The 
thermometers agreed with the standard. The indicators, which 
were borrowed from the Bureau of Steam Engineering of the 
Navy, were tested and verified. . 

The indicators used in testing the west engine were of the 
Thompson make, and those used in testing the east engine— 
which came later—were of the Tabor make. 

The coal was weighed by Clerks detailed from the Commis- 
sioner’s offices, as it came from the bunker. It was George’s 
Creek Cumberland coal, the kind furnished by the ¢ontractor, 
and was used just as it came; there was no attempt at selecting 
the better portign. 

A pyrometer was placed in the uptake; its error, by compar- 
ison with thermometers at 70 and 210 degrees, showed a con- 
stant error—in excess—of 241 degrees. The record of this 
temperature is, therefore, that shown by this instrument, minus 
241. 

The pressure in the mains was indicated by pressure gauges, 
which were level with the pump barrels, center to center, and 
about three feet from the pumps. The pressure in the rising 
mains was measured by a similar gauge, the distance of which, 
below the center line of the pump, was accurately ascertained by 
leveling. 

The feed water was weighed in a cask, which emptied into a 
second cask, from which latter it was drawn by the feed pumps. 

The contractors’ experts ran the engines and the boilers to suit 
themselves, without interference on either my part or that of the 
District employés. The coal was weighed and delivered to the 
fire room in charges of 250 pounds each, and the firemen were 
instructed to regulate the fire and the draughts so as to keep a 
pressure on the boiler gauge of nearly 100 pounds. The ash pit 

4 
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doors were kept closed nearly all the time, to reduce the rate of 
combustion. The ashes and the clinkers were weighed dry. As 
the engine and the boiler continued on their regular duty, the 
fires were not hauled at the end of the tests. From the weights 
of ashes thus obtained (about 5 per cent.) it is evident that, in 
cleaning the fires, the fair proportion had not been withdrawn. 
The average percentage of ashes for the ten days preceding and 
succeeding the tests was exactly ten per centum of the coal used, 
This quantity will, therefore, be used in the calculation for evap- 
oration. a 

The steam jackets were not trapped, and there was no means 
of knowing how much live steam was blown through them into 
the feed water; they discharge into the feed water heater (and 
into the feed water), the supply being regulated by throttling the 
steam defore it reached the jackets. The extraordinary temper- 
ature of the feed water would indicate that live steam was freely 
blown into it. 

The head of water against which the engines worked when 
pumping into the high service mains, was about 57 feet, but when 
delivering into the stand pipe, about 140 feet. Usually the pumps 
are not required to pump into the stand pipe for a longer period 
than two hours daily. The resistance of 140 feet, stipulated in 
the contract, was obtained by partially closing a stop valve in 
the main, about 50 feet from the pump house. This valve was 
regulated by the superintendent of the water works. During the 
test of the west engine an indicator diagram was taken each hour 
from each end of each steam cylinder and each water cylinder. 
During the test of the east engine the diagrams were taken half- 
hourly. During both tests the pressure in the boilers, the vac- 
uum in the condensers and the pressure in the mains were 
observed every 15 minutes, averaged and recorded at the end of 
the hour. The counter, the temperatures of the main, the rising 
main, the feed water, the uptake and the atmosphere, and the 
height of the barometer were noted hourly; the quantity of coal 
and the casks of feed water were charged as they were weighed. 

The same boiler was used for both tests; it had been in oper- 
ation about five days before the first test was begun, and its tubes 
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had not been swept during that period. After completing the 
first, and before commencing the second test, the tubes were 
swept. 

At the moment of commencing the tests the counter was noted, 
the condition of the fire was observed, and the height of the 
water in the gauge glass on the boiler was marked in the usual 
way. The tests continued, each precisely 24 hours, uninterrupt- 
edly, during which time the steam pressure did not vary more 
than three pounds, nor the vacuum more than an inch of mer- 
cury; the throttles remained wide open, the engines being regu- 
lated by the cut-off. 

The speed varied between 30.1 and 32.5 revolutions per min- 
ute. An undue hammering in the water end of the west engine 
at the end of the 13th hour was caused, no doubt, by the pres- 
sure on the suction side, which had risen to seven pounds; it 
ceased when that pressure fell. It could have been stopped by 
partially closing the valve in the rising main. To prevent this 
hammering, under such conditions, it is the practice of some of 
the best builders to put springs on the suction valves. 

The feed pump of the west engine, soon after commencing the 
test, stopped working; it was probably full of steam (from the 
jackets.) The contractors’ experts relieved the pressure on the 
pump by permitting a small quantity of the feed water to escape; 
the pumps gave no further trouble, except requiring frequent 
tightening of the plunger packings. 

The Westinghouse air-pump was used two minutes, only, dur- 
ing the 24-hour test of the west engine, and not at all during the 
test of the east engine. 

During the test of the west engine the safety valve lifted, and 
a quantity of steam escaped ; it was closed as quickly as possible. 
No account could be made, nor was credit given for the loss of 
water or heat by this accident, nor did the contractors’ experts 
claim any. 

Passed Assistant Engineers Richard Inch and C. W. Rae, 
whom the Navy Department detailed for the purposes, stood 
regular watches with the writer, taking the indicator diagrams, 
making the observations and recording the data. 
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“The slip was measured by stopping one engine and putting 
the normal pressure of the high service mains upon the discharge 
valves and on one side of the plunger of one of the pumps (which 
was taken at random); the space on the other side of the plunger 
was piped to a cask, in which the leakage was weighed. The 
valves from the rising main to the pump were tightly closed and, 
being new, were assumed to be tight. In this way all the water 
which passed through the plunger or through the discharge 
valves was trapped and weighed. The capacity of the cask was 
992 pounds, so the duration of the test was short. A mean of 
five tests gave a slip of 0.96 per cent. of the plunger displacement, 
at a mean head of 52.49 feet, and calculated at the plunger 
displacement at the time of the duty test. The slip will 


vary as Vf, so that the mean slip for the west engine will be 


V 143.02 X 0.96 _ 1.58 per cent., and for the east engine 


V 52.49 
V 144.03 X 0.96 
V 52.49 

To check this measurement of the slip, I had the valves lead- 
ing to the distributing mains of the high service closed, and the 
water pumped directly into the stand pipe, a vessel holding 
270,919 U. S. gallons, located on a hill about 2,000 feet from the 
pumps. Two observers were placed on the stand pipe, and, by 
an electric signal, announced to the observers in the engine house 
the instant the water began to flow on the floor of the stand pipe, 
and again when it reached a given height. The observers in the 
engine house noted the counter at each signal and noted, at inter- 
vals of 15 minutes, the pressure indicated by the gauge on the 
mains. From the data thus obtained the slip appeared to be six 
per cent. The engine was then stopped, when it was observed 
that the head diminished from 159.4 to 90 feet in about 15 min- 
utes, due, no doubt, to a leak either in the main or in the valve. 
There is a check valve which holds the water in the stand pipe; 
consequently the diminution of pressure was in the pipe alone, 
which accounts for the rapid diminution. The existence of this 





= 1.59 per cent. 
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leak of as the test for slip. The original measurement 
was, therefore, accepted and assumed to be correct. 

The engines were taken off their regular duty, several days 
after the duty test, and the pump heads taken off, the suction and 
discharge valves having been closed. The engines were then 
started and three complete sets of indicator diagrams taken, to 
ascertain the power required to work each engine and its con- 
comitants. A jet was used in the condensers to condense the 
steam ; all the air pumps and feed pumps (four of each to each 
engine,) remained connected. The engines were run at the same 
speed, as nearly as possible, as on the days of the duty tests. 
The extraordinary pressure per square inch of piston required 
to work the engines (about 9 pounds in the high pressure and 
about 0.8 in the low,) is easily understood when it is remembered 
that each engine has four air pumps, four feed pumps, six piston 
rods, two pump rods, twelve valve rods, four steam pistons and 
two water plungers, besides the beam centers, crankshaft bear- 
ings, cross-head guides, etc., to interpose friction. 

Capacity of the west engine: 

15.493 X 4 X 44585 (I —0.0158) = 2,719,366 gallons of water 
in 24 hours. 


Duty of the west engine: 
126-64x4x44585 Sree TS 2—7+3-55)*100 — 76,45 3,082 foot 
pounds of water lifted for 100 pounds of coal. 


Duty of the west engine referred to the contract basis of 10 
pounds of water vaporized per pound of coal, and the addition of 


one pound (2.31 feet) to the head : 


126.64%4x44585%x(143.02—7+3-55+2-31)x102100 — 
~ 4123%x7-681 101,183,587 


foot pounds per 100 pounds of coal. 








Rate of delivery at contract speed of piston of 110 feet per 
minute : 

15.493 X (1 —0.0158) X 4 X 30 X 1440 = 2,634,890 gallons in © 
24 hours. 

Capacity of the east engine: 

15.493 X 4(1—0.0159) X 44354 = 2,705,002 gallons of water 
in 24 hours. 
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. 
Duty of the east engine: 


126-71%4x44354(144.03—543-55) 
Tr = 82,998,124 foot pounds per 


100 pounds of coal. 
Duty of the east engine referred to the contract basis of 10 
pounds of water vaporized per pound of coal, and the addition of 


one pound (2.31 feet) to the head: 


126-71 *%4244354(144.03—5+3-85+2-31)x10x100 _ 
3862x8-287 = 101,772,977 


foot pounds per 100 pounds of coal. 








FULFILMENT OF THE CONTRACT 


The engines worked during the whole of the period of the 
tests, very steadily, without any heating or jarring, though run- 
ning above the contract speed. I have no doubt they can be run, 
continuously, 20 per cent. above that speed without injury. 

The duty of the west engine exceeded the requirements by 
14.25 per cent.; the duty of the east engine exceeded the require- 
ments by 14.85 per cent. 

The capacity of the engines at 110 feet piston speed per minute 
exceeded the requirements by 5.39 per cent. in the west engine 
and by 5.38 per cent. in the east engine. 


REMARKS. 


The large amount of heating surface in the boiler, in propor- 
tion to the area of the grate, and the low rate of combustion 
would premise a high economic efficiency of the boiler. The 
comparative failure of the boiler, in this respect, is due, I have no 
doubt, to the in-leak of cold air through the brick work which 
envelopes the boiler. Had the boiler been more efficient the 
duty of the engine, ceteris paribus, would have been greater. 

The method adopted by the contractor of measuring the 
steam jackets is not the best; it would be better to provide 
proper traps and to keep the boiler pressure in the jackets when 
they are used. This will have the effect of utilizing the heat in 
the steam ¢ylinders—where it is most needed—and, when prop- 
erly trapped, will deliver water and not steam to the feed pumps. 

The engines would be improved by substituting hard brass 
for the cast iron feed pump plungers, which seem to cut out the 
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packing rapidly; the stuffing boxes on these plungers would be 


er improved if made deeper. 
The gearing for adjusting the point of cutting off, which is 
10 ‘ used to regulate the speed of the engine, is inconvenient and is 
of not easy to manage; a spiral gear could be substituted for the 
present hand lever at a moderate expense. 
77 The quality of the material, the character of the castings and 


forgings, and other fitting and finish of the engine are fully 
equal to that in first-class pumping engines. A table of the 
data and results is appended. 


he TABLE CONTAINING THE DATA AND RESULTS OF THE DUTY AND CAPACITY TESTS 
in- OF THE HIGH SERVICE PUMPING ENGINES OF WASHINGTON CITY IN THE 
un, MONTH oF AvucusT, 1888, By G. W. BAIRD, PASSED AssISTANT ENGINEER, 
U. S. Navy. 
E The West Engine. The East Engine. 
by 1 Date of commencing the test.......sscceceeeseeees 8 Aug., 1888. 13 Aug., 1888. 
- TOTAL QUANTITIES. 
2 Duration of the tests, in Nours.......0+.scsee secees 24. 24. 
me 3 Total number of revolutions made by the en- 
ine ROD sicncesien seieniasn cihessene sbastenesiseentnsozees 44,585. 44,354. 
4 Total number of pounds of feed water pumped 
RO TN TIO ss scnsc:nsceitontesssonss avdensoreees 31,671. 32,007. 
5 Total number of pounds of coal consumed...... 4,123. 3,862. 
6 Total number of pounds of ashes........ Sporerrere 224. 163. 
oe~ 7 Total number of pounds of combustible con- 
ion iid dicen ma baiad 3,899. 3,699. 
The 8 Total number of gallons of water lifted........... 2,719,366. 2,705,002. 
no MEAN QUANTITIES. 
ich 9g Steam pressure in the boiler in pounds per 
the square inch above the atmosphere............ 95.81 95-81 
10 Fraction completed of the stroke of the H. P. 
the piston, when the steam was cut off,........... 0.2618 0.2768 
‘ 11 Number of times the steam was expanded...... 18.01 16 95 
ride 12 Height of the barometer in inches of mercury.. 29.978 30.09 
hen 13 Vacuum in the condenser in inches of mercury 25.260 24.80 
t in 14 Pressure in the condenser in pounds per square 
‘op- ay MI BI ceseacas dccv or caccences Settannse 2.316 2.597 
15 Head of water, in feet, in the main.......0+...00 143.02 144.03 
aps. 16 Head of water, in feet, in the rising main....... %. 5. 
rass 17 Number of revolutions, per minute, of the en- 






GOOD siciateal ieeedinsana dination kena viens 30.961 30.801 
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18 Number of pounds of feed water pumped into 


the boiler per hour. 00... .cccsc secsesee © epensenes 1,319.625 
19 Number of thermal units imparted to ihe feed 

WINE DAE PE sicitsces vaniecasscesiniiicar perrcnet 1,294,565.3 
20 Height of center line of pump above center of 

pressure gauge on rising main, in feet........ 3-55 


MEAN TEMPERATURES, 


21 Temperature of the atmosphere............ ccs 89.12 
22 Temperature of the water in the rising main. 83.30 
23 Temperature of the water in the main ........... 85.50 
24 Temperature due to the steam ......... +0000 sese0s 334.92 
25 Temperature of the feed water........ » sicunn ated 203.58 
26 Temperature of the uptake........06 0. 02 ecseee 411.3 
27 Total number of pounds of water + lifted. - 22,584,662. 

28 Mean number of pounds of water lifted per v hon 941,043. 
29 Mean number of pounds of water lifted per stroke 126.64 


STEAM PRESSURES PER INDICATOR. 


30 Steam pressure on the high pressure pistons at 
the commencement of the stroke, in pounds 


per square inch above zero........ cnapnipnieis 108.986 


31 Steam pressure on the high pressure pistons, in 

pounds per square inch above zero, at the 

end of the stroke............. 0+ 36.945 
32 Mean back pressure ageiet the high | pressure 

pistons during its stroke, in nes per 

square inch above zero........... - 15.956 
33 Mean pressure per square rare on the high | pres- ] 

sure pistons concn to work the unloaded 


ENGINE ....4 000 +00 niesboene 8.9583 
34 Indicated pressure on art high p pressure ape 

in pounds per square inch...............00s00 00 53-826 
35 Net pressure on the high pressure piston, in 

pounds per square inch,...........00+se see eee eee 44.868 
36 Total pressure on the high p pressure pistons, in 

pounds per square inch above zero............ 69.782 


37 Pressure on the low pressure pistons at the 

commencement of the stroke, in = per 

square inch above zero............ 27.85 
38 Pressure on the low pressure rental at lie at 

of the strokes, in pounds per square inch 

above Zero... ......++ - 10.667 
39 Mean back granene egulen the peeing pressure 

pistons during the stroke, in pounds per 


square inch above Z€T0,......06 cee see see cee eee es 4.166 











1,333-625 


1,319,141.6 
3-55 
77-20 
80.58 
81.50 
334-92 
196.20 
326.6 
22,480,117. 


941,843. 
126.71 


110.388 


39.781 


17.483 


9-6875 
54.380 
44-693 


71.863 


27.554 


10.793. 


3-597 











.625 


71 


388 


781 


554 


793 
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40 Mean pressure per square inch on the low pres- 
sure aa vant to work the unloaded 
engines... de 

41 Indicated pressure on the tow pressure pistons, 
in pounds per square inch.,.... einige 

42 Net pressure on the low pressure 6 ghana, in 
pounds per square inch.............00se0 cee see es 

43 Total pressure on the low pressure pistons, in 
in pounds per square igch above zero........ 


HORSES-POWER. 


44 Indicated horses-power developed in the two 
high pressure cylinders... eos 

45 Indicated horses-power developed in the | two 
low pressure cylinders... 

46 Aggregate indicated horses-power er developed vee 
the engine........ 

47 Net horses-power + tbe} in he two ‘heh 
pressure cylinders... ° 

48 Net horses- power doutieoet in thet two shene pres- 


49 Aggregate net Siriaas wn edie the 
TR i coscscisnvs 

50 Total bomen -power ‘donde in ‘the high | pres- 
NOT I cissis insecceecvtnthabienndtoeetin 

§1 Total horses-power developed in the two low 
pressure cylinders... .... 200 scoseecessos coeseecoosee 

52 Aggregate total horses-power developed by the 
OTE. cnctennce tetinee ee. desene. wes 


0.7375 
11.135 


10.398 


15.301 


41.368 
34-351 
75-719 
34-485 
32.043 
66.528 
53-639 
47.223 


100.862 


CONSUMPTION OF FEED WATER. 


53 Number of pounds of feed water consumed per . 


hour per indicated horse-power developed 
DF CUS CRGIBG siccnceivics codeccend sonore <onnes cesses 

54 Number of pounds of feed water consumed per 
hour per net meneeien: Sitiiet wait the 
engine.. 

55 Number of pounds a tod 4 water renluials per 
hour per total horse-power developed by the 
SD cashes sehthiisptesenreiecs nes dueinanan spain 

56 Thermal units consumed per hour per indicated 
horse-power developed by the engine....... 

57 Thermal units consumed per hour per net horse- 
power developed by the engine............... 


58 Thermal units consumed per hour per total 
horses-power developed by the engine....... 





17.569 
19.835 


13.083 
17,096.967 


19,459.83 
12,835.015 
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0.8125 
12.196 


11.384 
15.706 
‘ 
41.580 
37-433 
79-013 | 
a 173 
34-916 
69.089 
54-934 
48.205 


103.139 


16.878 
19.303 


12.930 
16,695.247 
19,093.36 
12,789.93 
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° STEAM ACCOUNTED FOR BY THE INDICATOR, 


59 Pounds of steam present per hour in the high 
pressure cylinders at the end of the stroke of 
the pistons, calculated from the pressures 
there. ....eeee0 oe eocccce cocece vee coe coecos ees 

Pounds of steam present per hour in the two 
low pressure cylinders, at the end of the 
strokes of the pistons, calculated from the 
pressures there 1,221.5554 

Difference, in pounds, per hour between the 
weight of water vaporized in the boiler and 
the weight of steam accounted for by the in- 
dicators, in the two high pressure cylinders 
at the ends of the strokes of the pistons...... 230.174 

Difference, in per cent., of the weight of the 
water vaporized in the boiler, between that 
weight and the weight of steam accounted 
for by the indicator in the high pressure cyl- 
inders at the end of the strokes of the pis- 


1,089.4507 


Difference, in pounds per hour, between the 
weight of water vaporized in the boiler and 
the weight of steam accounted for by the 
indicators, in the two low pressure cylinders 
at the ends of the strokes of the pistons 
Difference, in per cent., of the weight of the 
water vaporized in the boiler, between that 
weight and the weight of steam accounted 
for by the indicator in the low pressure cyl- 
inders at the ends of the strokes of the pis- 
CREE saictenets as cnntenens canten sre nersiueiatedsineden 7.431 7.381 
65 Per cent. which the aggregate indicated horses- 
power are of the aggregate total horses- 
power developed by the engine 75.071 76.608 
66 Per cent. which the aggregate net horses-power 
are of the aggregate total horses-power de- 
veloped by the engine 65.959 66.986 


VAPORIZATION. 


67 Mean number of pounds of water vaporized per 

HOUF « ...eceeees yusedaae Medaseneg aceeth aenbt eiensecens 1,319.625 1333-625 
68 Total number of pounds of water that would 

have been vaporized in the boiler had the 

feed water been supplied at a temperature 

of 100 degrees Fahrenheit and vaporized 

under the atmospheric pressure......... nisorors 29,137.32 30,246.61 


























Fig. 3. 
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69 Total number of pounds of water that would 

have been vaporized in the boiler had the 

feed water been supplied at 212 degrees and 

vaporized under the atmospheric pressure... 33,222.879 33,767.385 
70 Number of pounds of water vaporized from 100 

degrees by one pound of coal 7.007 7-831 
71 Number of pounds of water vaporized from 212 

degrees by one pound of coal 8.057 8.743 
72 Number of pounds of water vaporized from 100 

degrees by one pound of combustible........ 7.852 8.702 
73 Number of pounds of water vaporized from 212 

degrees by one pound of combustible 8.953 9.675 
74 Number of pounds of water vaporized from the 

normal temperature of the feed for one pound 


FD cicconsed ceedibiah debtantnn nhesotanwtatovs 7.681 8.287 
RATE OF COMBUSTION. 


75 Number of pounds of coal consumed per hour, 171.791 160.916 
76 Number of pounds of combustible consumed 
154.875 144.812 
77 Number of pounds of coal consumed per square 
foot of grate per hour..........00.. 


5-679 5-319 


78 Number of pounds of combustible consumed 

per square foot of grate per hour 5-119 4-708 
79 Number of pounds of coal consumed per square 

foot of heating surface per hour 0.209 0.196 
80 Number of pounds of combustible consumed 

per square foot of heating surface per hour, 0.188 0.176 








III. 
SOME PROBLEMS IN PROPULSION. 
By ASSISTANT ENGINEER W. D. WEAVER, U. S. Navy. 


The following investigation was suggested after a fruitless 
search for information on some of the points involved, and 
although the equations deduced depend upon the ratio between 
the indicated and effective thrust, of which there is only an ap- 
proximate knowledge, their use may still prove of value in some 
cases. 
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1.°—Suppose that when a vessel is going ahead the engine 
be instantly reversed:—In what time will the vessel lose her 
motion ahead, and through what distance will she go before 
doing so? 

The amount of force required at any instant to retard a moving 
body is equal to the product of its mass by the rate of retarda- 
tion at that instant; in the case of a ship, this retarding force is 
the sum of the ship’s resistance proper at the given instant and 
the pull of thescrew. We thus have the equation 


Mr=P+R (1) 


Assuming the resistance of a ship to be proportional to the 
square of the velocity, and substituting for the retarding rate and 


M their respective values @v and ™, 
dt g 


wdv 


gat ttle Bead 


(1) becomes 


ad ae dv 
C= Pte 
Substituting in (3) for d¢ its value from the equation, o= =, 
ie eK atte 
we have ds = ‘| x Pike (4) 


Integrating (3) and (4) between the limits v, and v,, where 1 is 
the greater velocity, 


. ii TA [tan 3 ip” — tan! [52%] ) 


vdv P+ a4 
“ “frites P+ - log. & kod @ 


in which the units are feet, pounds and seconds. 
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2.°—The time and distance required to attain full headway 
from rest. 

In this case the resistance of the ship acts against the pull of 
the propeller, and, following the same reasoning as in Case 1°, 
we have 


v=™ = a — log (524 ph) 
—k® 2 PR ~ V Pk (v1 — Vq) — hoy, 





%% 


(¢) 


3! =*f pp —_ © log P—kv} _ w in ‘(3=3 74) 
| oe SN Pho? 2gk © ° | Pho? 


(2) 


It is now only necessary to determine the constants to arrive at 
a solution. 
£ = 32.2 
w = 2240 D, where D = displacement in tons. 
To Determine 4. — 
Let U = indicated horse-power. at any instant, taken from a 
speed curve, and 
= corresponding speed in knots at that instant; 
= a constant expressing the ratio between the actual 
and indicated resistance. 
Assuming the indicated horse-power to vary as év*, we have 


for the indicated resistance, £v? = ov and the value of the con- 
v 


stant & is therefore 4 This law is only approximately true, 


and, as a consequence, to obtain the most accurate result the 
variation of & should be taken into account; this can be done 
by finding the values of our final equations ’(A), (2), &c., for 
different intervals by substituting different values of v, and v, and 
the value of U corresponding to v, taken from a speed curve; by 
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this method of step-by-step integration, the varying value of & 
is considered, and the sum of the successive results thus obtained 
gives the total time or distance, as the case may be. 

As the left-hand member of equation (1) is in actual quantities, 
the right hand member must also be so expressed; multiplying 
by f to thus reduce it, and substituting for v and U their values 
in foot-pound-second units, we have 


550 7,U X (3600)? (5) 


b= FX 6086" 
To Determine P. — 
Let A = indicated horse-power when about to back, and 
“ @ = corresponding effective speed of screw in knots per 
hour ; 
“ f, =aconstant expressing the ratio between the actual 
and indicated pull or thrust. 

When a ship is going ahead at a given speed, the indicated 
thrust is expressed by the quotient of the indicated horse-power 
at that speed by the speed; if now the engine is instantly re- 
versed and no change made in the admittance of steam to the 
cylinders, owing to the increased pressure on the blades of the 
screw the same number of revolutions cannot be made, and the 
horse-power is proportionately decreased; but, the mean pres- 
sure in the cylinders still being the same, the pull backwards, 
which depends only on this pressure, remains the same as the 
thrust ahead. In other words, while the horse-power, the nu- 
merator of our ratio expressing thrust, is reduced by a certain 
percentage, the speed, or the denominator, is reduced in the 
same proportion, the back of the blade being for the present con- 
sidered as efficient as the face, and the pull remains the same as 
the original thrust. 


The indicated pull is, therefore, 2; multiplying by /, for the 


same reason given for using f, and reducing to foot-pound-sec- 
ond units, we have 





_ 530 f,4 X 3600 
ome (6) 
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Substituting the values thus found in (a) and (4), and reduc- 
ing to common logarithms and angular measure, we have finally 


av it A aa Aree) 
f= (oes 7 (tan foe — tan Ae} (4) 
— :70355Du* 1, (4 +fiUar, a 
AU. = favs + fUave (4) 


A and a@ are not necessarily the values of the horse-power and 
speed at the instant of backing, but may have any (correspond- 
ing) values. 

Proceeding with (c) and (d) in the same manner, but using /, 
instead of /2, we have 


“= 162Dq| 2 =. 
ss FfA 


os ae tien) Ue) ¢ 
f,Av?—V fA f,au,A U (uv, — v2) —f, Var, 


n — -70355Dv f,Avs —f Te) 
== Ab lo (AS (D) 


In these final general equations, the values of ¢ and s are in 
seconds and feet, and the values of D, the speeds, angles and 
horse-powers are in tons, knots, angular measure and horse-power 
of 33,000 foot pounds per minute, respectively. 

The Numerical Values of f A.— 

Froude, from towing experiments with a bluff ship, found the 
ratio of the actual to the indicated resistance to be about .4, 
while Dupuy de Léme, experimenting with a finer ship, arrived 
at a value of .6; in the absence of further data, the mean of these 
quantities will be taken, which reduced to the notation here em- 
ployed, gives .45 for the value of f. 

As the backs of the propeller blades are less efficient than the 
faces, causing a lateral disturbance of water with consequent loss 
of force, we will assume our ratio to be diminished to .4 by this 
cause; and asin losing headway a column of water, the propeller 
race, strikes the hull with constantly increasing velocity, thus 
diminishing the effect of pull, we will assume that at_the mo- 
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ment when the vessel is brought to rest the value is further re- 
duced to .35, giving a mean value of .375 for /,. 

Equations C and D could be applied to the case of a ship gain- 
ing sternway were it possible to assign values to f, and /;, but, in 
the absence of data in regard to the increase of the resistance of 
a ship backing, and the effect of the constantly increasing velocity 
of the propeller race striking the hull, this cannot at present be 
done. 

The above equations were applied to the “ Lepanto” and to a 
French torpedo boat of 46.1 tons; very full data of the progres- 
sive speed trials of the latter are given by M. de Bussy, in the 
Transactions of the Institution of Naval Architects for 1887, 
and copious data of the speed trials of the “ Lepanto” are in the 
same publication for 1888. 

With these data, speed curves were laid down, and from them 
the different quantities taken off and applied in the equations, 
which were solved for progressive intervals to take into account 
the varying value of £; in backing, the value of 7, was assumed 


to vary from .4 to .35 inversely with the speed, while in going 
ahead /, was given the same value as of f, .45. The following 
tables give the results: 


LEPANTO 


Displacement = 14,860 tons. 
Indicated horse-power at 18 knots = 15,040. 





Backing. Ahead. 





Time. |Distance. ’ Time. | Distance. 





Sec’s. Feet. Sec’ s. Feet. 
24.80 780.8 44.06 112.6 
29.95 681.8 46.40 354.1 
36.10 | 648.2 51.45 656 
42.97 542.2 63.09 | 1,132 
47-18 | 364.4 97-75 | 2,250 
52.14 130.1 .8 | 357.70 | 10,096 





+| 233-14 | 3,147.5 660.45 | 14,600.7 


























_ aaovDUloa _ ma, AS nh 
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FRENCH TORPEDO BOAT. 


Displacement = 46.1 tons. 
Indicated horse-power at 19.3 knots = 443.65 





Backing. 





! | 
Knots. Time. |Distance. Knots. | Time. | Distance. 
| } 


| 
| 
| | 
Sec’s r Feet. Sec’s. | Feet. 
| 
| 
Se 


8 “15 2.964 82.84 7.389 | 88.15 
82.51 6.654 | 118.10 
76.12 12 15 | 9.257 | 213.10 
79.42 | 15 18 | 20.530 | 608.30 
40.43 | 18 “* I9 ancl 855. 20 


| 
| 
| 
| 
| 19.3to18| 1.151 36.20 | 8.925 35.62 
5 “132]| 3.622 
12 | 4.328 
. age | 6.751 
; § 9.647 


397-51 Sums....0e: | 79.305 | | 1,918. 47 








| Sums | 28.463 





The equations in going ahead were not calculated to the ulti- 
mate speed owing to the great increase in the final values for 
time and distance; indeed, they become infinite for the last tenth 
of aknot. This is due to the fact that with equal increments of 
speed the energy required to be imparted to the ship increases, 
while the force producing this energy, P — &v’, diminishes until 
in the last increment it becomes infinitesimal. 

It will be seen that the rate of retardation in backing with re- 
gard to time becomes less at low speeds than at high ones, while 
with respect to distance it is the reverse. This latter fact is gen- 
erally recognized, but often ascribed to inefficient action of the 
screw; as the ratio of the revolutions of the screw immediately 
after the engines are reversed to its revolutions immediately be- 
fore, is greater than the slip ratio, it would seem to be turning 
fast enough to take an efficient hold on the water. When ap- 
proaching zero the speed at which energy is destroyed is slow, 
and consequently the time large, while at high speed the amount 
of energy to be destroyed is large, and therefore the distance in 
which to destroy it large. 

The relation between the horse-power wit the rate of retarda- 
tion presents a curious anomaly; while the speed of the “ Le- 

5 
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panto” drops from 18 to 15 knots in 24.8 seconds with a mean 
horse-power of perhaps less than 30 per cent. of its maximum, 
in going from 3 knots to 0, the time is 52.14 seconds, while in 
this case the mean horse-power is more than 70 per cent. of the 
maximum, and the energy destroyed is only ;,th of that in the 
former case. This is due to the fact that the effect of the engines, 
as far as retarding the vessel is concerned, is a statical rather 
than a dynamical one, the action of the screw being in a sense 
comparable to that of a sea anchor or drag astern. The actual 
energy of the engines is dissipated in the propeller race, and as 
the velocity of the latter increases with the diminution of the 
speed of the vessel, there is a consequent and relative increase 
of horse-power. 

In going ahead from rest, at the first instant the entire energy 
of the engines, more than 75 per cent. of the maximum horse- 
power, goes entirely into the propeller race; this amount de- 
creases with the speed, until, when the maximum has been at- 
tained, the percentage becomes very small, and in most calcu- 
lations can be neglected. It follows from this that on trial trips, 
cards taken when the ship has not attained her uniform velocity 
may be very misleading, and owing to lack of data, it will be 
difficult to make any correction. Any calculations or compar- 
isons made with such cards are thus valueless; if applied to 
calculate the horse-power at another number of revolutions by 
multiplying by the cube of the ratio of revolutions, the power 
thus obtained will always be too large, and if the card has been 
taken long before uniform speed is attained, excessively so. 

If our equations are integrated between the limits of @ and o, 
using the mean value, .375, of /,, the numerical results differ little 
from those arrived at by step-by-step integration, as the follow- 
ing comparison shows; the same result was found to be true in 
the case of a vessel of moderate speed and displacement : 























** Lepanto.” | Torpedo Boat. 
* | 
Backing. | Ahead. | Backing. | Ahead. 
| 
zt aoe z s t s zt s 
Step-by-step..| 233.14 | 3147.5 | 660.45 | 14600.7 | 28.463 | 397.51 | 79.305 | 1918.47 
From a to 0...) 234. 3085. | 667. 14920. 28.3 | 399-8 81.47 | 1968. 
} 
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This enables us to make a notable simplification in the form 
of the equations. (A) and (2) become 


.00631 Da? ws 
ee NG . 
— :70355Da* (Ath 
= a log ( A } (8) 


in which A and a are the values of the horse-power and speed 
at the instant of backing. With (C) and (D) the integration is 
carried to within .2 knots of the final speed, for reasons that have 
been given before. Their values become, then, between the 
limits O-and a —.2, 





A162Da? 
» = ———— log (10a — 1 ) 
_ :70355Da? | [ ase) 
tie fA °8 | ioa —1 (10) 


in which A is the horse-power corresponding to the speed a to 
be attained. 

Throughout, the time to reverse the engines and the amount of 
force required to overcome their inertia have not been considered. 
On the other hand, it has been assumed that the mean pressure 
in backing or in gaining speed is the same as at the maximum 
speed ahead; owing, however, to the slower speeds of the en- 
gines, the steam ports will be open a longer time, and the mean 
pressure will thus be somewhat greater; and an increased boiler 
pressure, due to less amount of steam used, may still further in- 
crease it. In backing from a speed less than the maximum one, 
the cut-off and throttle may be opened wide, owing to the less 
amount of steam used, and thus a pressure produced approach- 
ing or equal to that of the maximum performance; this should 
be borne in mind when using the formulz for this case. 

An important application of the formulz may be made to speed 
trials. Suppose that a measured distance is to be run over at 
speeds differing by two knots. After each run, the cut-off and 
throttle are changed, so as to presumably cause an increase of 
power sufficient to maintain the additional speed. What time and 








68 SOME PROBLEMS IN PROPULSION. 


distance should be allowed for attaining the increased speed? 
Owing to the very slow rate at which the last tenth of a knot of 
speed will be attained, the time and distance to attain one-tenth 
of aknot less than the desired speed will only be considered. We 
have, then, from (C) and (D) 
.4162D6? [: 206 — ‘| 
L4= — log 
x TB og (11) 
__ .70355De { 400% = 402 | 
tons I —— 12 
. FB  206—1 38) 
being the time and speed to go from (6— 2) knots to (6—.1) 
knots under the conditions assumed, ZB being the indicated horse- 
power corresponding to 4 knots. 
These formule, applied to the “Lepanto” and torpedo boat, 
give the following results :— 


Saw § 

















‘eon wigan j 
| “« Lepanto.” | Torpedo Boat. | 
silaeeaphsinaniaiin : mae § —_ — 
Speeds. tt j : * ee Speeds. ved te Se a 
a | — 
8to 9.9| 770 | 12170 | 9 to10.9| 93.41 1634 
} 10“ 11.9, 636 | 12110 | 11 12.9] 77.52 1619 | 
12 13.9) 533. | 12050 || 13 "14.9| 63.52 | 1547 | 
14“ 15.9| 445 | 11560 | 15 16.9] 52.84 1462 | 
| 16 17.9| 392 | 11250 | 17 to 18.9 | 47.70 | 1480 | 
| | | 





Assuming for the constant /, and /,, the values herein used, we 
finally arrive at the following approximate formule, which will 
probably be found sufficiently accurate for ordinary use:— 





Backing. (rom a to 0.) Ahead. (From 0 to a —.2) 
4, — :731Da? 4, — 2:1De* 
me A 2 A . 
(13) (14) 
s, = 3358402 4, = SSS 
A ; A 


in which A and a@ have the same values in (13) as in (7) and (8), 
and in (14) as in (g) and (10). 














4) 
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If formule (7), (8), (9) and (10) are applied to the “ Etruria,” 
the following results are obtained :— 
(Displacement = 9680 tons. Horsepower at 20.18 knots = 


14321.) 


Backing. (From 20.18 to 0.) Ahead. (From o to 19.8.) 
4, = 201.2 » == 586.2 
$, = 2974 S_ = 14807 


In the Transactions of the Institution of Naval Architects for 
1887 an account is given of the trials of the Russian torpedo 
vessel “ Wiborg”, during which the values of 4 and s, were 
determined by experiment. As it is uncertain on which of the 
two trials these data were obtained, in the following comparison 
the calculation has been made for both trials: 





Displacement. Horse-power. Speed. 
138 1303 19.96 
131 1405 20.6 
. 0.8 O. 
From formulz (13) 4 ={ pe $= 1 —. 
By experiment,4—= 30 s,= 438. 
IV. 


NOTES ON COALS OF THE PACIFIC COAST. 


By PassEp ASSISTANT ENGINEER C. R. ROELKER, U.S. N. 


The following notes are based on observations made during the 
present cruise of the U. S. F. C. Steamer “Albatross”. The 
steaming efficiency and other characteristics of these coals were 
determined by actual use at sea on board of this vessel. 

The “Albatross” has two main boilers of 12 feet external diam- 
eter and 10 feet 3 inches length. Each boiler has three furnaces 
36 inches diameter and 6 feet 6 inches length of grate. Area 
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of grate in each boiler 584 square feet. Each boiler contains 
398 tubes, 3 inches external diameter and 7 feet’g inches long. 
Total water heating surface of each boiler 1,424 square feet; 
ratio of heating to grate surface 24.17 to I. 


CHILEAN COAL. 


At Lota, Chile, we received in March, 1888, from “ La Com- 
pania Esplotadore de Lota y Coronel” 170 tons of native coal 
from the Alberto mine. The company uses this coal in its ex- 
tensive copper smelting works, and most steamers touching at 
southern Chilean ports use this coal, or a similar coal mined at 
Coronel on the opposite side of the bay. The price charged for 
this coal delivered alongside the vessel in lighters was five or six 
dollars Chilean per ton of 1,000 kilos, for regular consumers, 
equivalent to $2.60 or $3.10 in our money per ton of 2,240 
pounds. Stray customers have to pay a somewhat higher price. 
For putting the coal on board and stowing it in the bunkers con- 
tracts can be made at the rate of twenty cents Chilean per ton. 

The coal is not at all prepossessing in appearance. Most of 
it looks dull, with a peculiar yellowish-grey tint at the planes 
of cleavage; it breaks up easily in rhomboidal particles. Mixed 
with it are some more compact lumps, presenting irregular frac- 
tures of a deep black, very lustrous. Its bulk is about 11 per 
cent. greater than that of ordinary anthracite, 46.4 cubic feet 
being required to stow a ton. It ignites easily and burns rapidly 
with large flame. It does not cake, but breaks up into small 
particles in the furnace, which run through the grate unless the 
spaces between the bars are very narrow. The contents of the 
ash-pan should always be put back into the furnace. 

Large clinkers are formed which spread over the whole grate 
and form the main part of the refuse, which amounted to 734 per 
cent. of the coal burnt. Much soot is formed, and some trouble 
was experienced from its ignition in the chimney. Most steamers 
find it necessary to reduce the calorimeter over the bridge walls 
when using this coal. After some experiments I made the 
calorimeter one-seventh of the area of the grate. To limit the 
consumption of fuel I reduced the grate surface in the boiler to 
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45 square feet by bricking off the the back of the grates. With 
these proportions we burned easily in one boiler ten tons per day, 
or 20.7 pounds per square foot of grate per hour. In fact, to keep 
the consumption of coal down to this allowance, it was found 
necessary to clean each furnace of clinkers only once every twelve 
hours. Better results would probably be obtained with a more 
rapid combustion and cleaner fires. The steam generating power 
of this coal was from 75 to 80 per cent. of that of good Welsh 
coal for equal weights burned in our boilers. 

Fire brick of good quality is manufactured by the same com- 
pany and can be procured at a reasonable price. 


SANDY POINT, STRAITS OF MAGELLAN. 


The discovery of coal beds was reported some years ago, and 
great hopes were entertained regarding the prosperity of the 
place on this account. During our visit at Sandy Point, in Jan- 
uary, 1888, I found no evidence that this hope would be realized 
in the near future. The principal mine had been entirely aban- 
doned; the tramway, built at considerable expense from the town 
to the mine, was destroyed; the mine shafts had caved in or were 
filled with water. One shaft, which had been recently opened, was 
in a workable condition, and the hopeful owner was awaiting the 
arrival of capital for its further development. So far only a very 
inferior lignite has been found in this locality. 


WELLINGTON COAL. 


This coal is, without doubt, the best fuel mined at the present 
time on the northwestern coast of this continent. In steaming 
efficiency I have found it only slightly inferior to good Welsh coal. 
It ignites easily and burns with a long flame. We limited the 
rate of combustion to 18% pounds per square foot of grate, but 
could easily burn more than 20 pounds. It formed about 12% 
per cent. of refuse, consisting mainly of a spongy clinker not ad- 
hering to the grate bars. It forms considerable soot, and much 
trouble was experienced from the ignition of the soot in the 
chimney. A large proportion of the coal received was in lumps 
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which have considerable consistency. Its bulk is about ten per 
cent. greater than that of ordinary anthracite coal. 

We procured this coal fresh from the mines at Departure Bay, 
Vancouver Island, where vessels are coaled at the wharves di- 
rectly from the coal cars and with great rapidity. In ordinary 
times this coal was sold here for three and a half dollars a ton; 
but during the present summer and fall, in consequence of the 
coal famine prevailing on this coast, the price was raised to six 
dollars a ton, while the coal was sold in San Francisco at four- 
teen and sixteen dollars a ton. These mines are owned by 
R. Dunsmuir & Son. 

NANAIMO COALS. 


The mines which produce these coals lie in close proximity to 
the Wellington colliery, and the general characteristics of these 
coals do not differ greatly from those of the Wellington coal. 
We obtained about one hundred tons of Nanaimo coal at Una- 
laska, Aleutian Islands, where it had been stored in a closed 
warehouse. I found it to be 13 per cent. inferior to Wellington 
coal in steaming efficiency; the amount of refuse produced was 
nearly 14 per cent. Later in the season we obtained one hun- 
dred tons of Nanaimo coal at Kadiak, which had been left ex- 
posed to the weather without any covering whatever, and had 
evidently greatly deteriorated in that damp climate; in addition to 
this it was quite wet when put into the bunkers. Its steaming 
efficiency was 18 per cent. less than that of the coal received at 
Unalaska, and the refuse from this coal amounted to Ig per cent. 


SPONTANEOUS COMBUSTION. 


All the coals mined at present on the northwestern coast of 
this continent are of relatively recent formation, and the large 
percentage of gaseous matter contained in them renders them 
liable to spontaneous combustion under favorable conditions. 
Of course each colliery owner strenuously denies that his par- 
ticular coal has this dangerous property, but the testimony of 
responsible persons who have used these coals on steamers leaves 
no doubt in my mind that the Wellington and Nanaimo coals, 
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as well as those mined near Seattle, W. T., are liable to such ac- 
cidents. The following case forms part of my own experience: 

Five days after we had filled our bunkers with Wellington 
coal at Departure Bay, smoke and fumes were observed to issue 
from the bunker. It was found that the covering of the auxiliary 
steam pipes, which pass through the bunker, was completely 
charred, and that great heat had been developed in the surround- 
ing coal. No actual ignition of the coal had taken place, but 
was no doubt prevented only by the timely discovery of the 
danger. The steam pipes were covered with hair felt and wrapped 
heavily with manilla rope. The heat of the pipes was probably 
sufficient to evolve gases from the coal, and by a process of slow 
combustion of these gases additional heat was generated, causing 
the charring of the rope and felt covering, and accelerating at the 
same time the evolution of gases. If this process had been 
allowed to continue a point would soon have been reached where 
only a liberal supply of air was wanted to produce active com- 
bustion of the coal. 

The coal came fresh from the mine, and, as there was a slight 
rain falling at the time, it was somewhat wet when put into the 
bunkers. No signs of unusual heat in the bunkers had been 
observed on any former occasion, either with Wellmgton or any 
other coal, although stored in the same manner. 








V. 


INCREASE OF HORSE-POWER FOR A GIVEN 
SPEED DUE TO FOUL CONDITION OF 
SHIP’S BOTTOM. 


By AssISTANt ENGINEER W. M. McFar.anp, U. S. Navy. 


It is a fact familiar to all acquainted with calculations of power 
for ship’s propulsion that a slight fouling of the wetted surface 
of the hull will cause a material increase in the resistance, but 
the writer is not aware of any data having been tabulated to show, 

















































74 FOUL CONDITION OF SHIP’S BOTTOM. 


at a glance, exactly how much of an increase of power is rendered 
necessary. During a recent cruise of the U.S. S.“ Vandalia,” two 
opportunities occurred for securing such data, and the subjoined 
tables are given in the hope that they may prove of some inter- 
est and possibly of value. 

The “Vandalia” joined the Pacific Squadron in December, 
1886, at Valparaiso, and was employed on the west coast of South 
America until July 21, 1887, when she left for Honolulu. Dur- 
ing this time she lay at Panama for about six weeks. 

It may not be generally known that marine growth on ships’ 
bottoms is more rapid in the Pacific than almostany other ocean, 
but inquiry seems to establish the fact; and the harbor of Hon- 
olulu is especially noted as being, perhaps, the worst place in the 
world for rapid fouling of the hull. It may be stated in this con- 
nection that the ravages of the ¢eredo are very great in this har- 
bor, so much so that the piling for wharves has the part exposed 
to the water coppered. 

The “ Vandalia” arrived at Honolulu August 27, 1887, and lay 
moored in the harbor, except for a few days at target practice 
outside, until early in March of 1888, a period of about six 
months. The circumstances were thus very favorable to the 
marine growth. In March the ship went to Hilo, a distance of 
about 175 miles, and returned to Honolulu again in two weeks, 
where she remained until September I9, 1888, making her whole 
stay in that port about a year. 

No effort was made to clean the hull or propeller prior to the 
trip to Hilo, but the facts shown by Table I. were so marked 
that before leaving for San Francisco the propeller was thor- 
oughly scraped, and the hull to a distance of about six feet below 
the water line was cleaned as well as could be done from boats 
by means of “ship’s scrapers” on the end of poles. 

During this cleaning, specimens of this growth on the propeller 
and copper were obtained presenting a most peculiar appearance. 
Next to the metal was a substance looking somewhat like the 
outer skin of a black hog, with the bristles removed, which had 
formed in lumps about the size and shape of a turnip, that is, an 
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irregular oval with axes about 2% and 3% inches, and from I to 
3 inches thick. The side of this growth which had adhered to 
the metal looked very much like the “ suction side” of a star fish. 
The outside was not, of itself, very rough, but from it extended 
almost innumerable tubes of a hard, whitish substance, which is 
called, among sea-faring people at Honolulu, coral. These tubes 
were often four inches long, and their external diameter is about 
one-sixteenth of an inch. An idea can thus be formed of the 
condition of the ship’s bottom, so that the annexed data need not 
cause great surprise. 

The displacement of the vessel was so nearly the same in all 
the four cases that the difference would have; little effect. The 
wetted surface at the draught in these cases is, by Kirk’s analysis, 
about 11,000 square feet. 

The first comparison is between a run of eight hours in the 
_“ doldrums” on the way to Honolulu and eight hours on the way 
to Hilo in March, 1888. This gives us 


TABLE I. 











August 17, 1887. | March 12, 1888. 
Bottom clean, 
(comparatively. ) Bottom foul. 
ON OE WI os ccna gine sicecin Beeseead 8 8 
| 
Wind, points from ahead........000+ seesee seeeee 2 | 4 
eg Pain ctacicduseucin:ccenae cboeenabieks seecte 1.5 4 
RT in acer waghapnid annie verses eter tebinad Smooth. | Gentle swell. 
Speed in knots. ...... +000 ssesee serves seeeee eeeees 7.49 | 6.24 
Revolutions per Minute... ...ceccee cesses soveeeees 41.66 40.47 
Indicated horse-powe.... ....sscce ssssee soseseeee 371.2 441.92 
Slip of propeller, per cent......... soscesses secees 12.98 25.54 
SF Div nse decconsevetbsusd chstnedéuineaamencbuniiail { Fore and aft, but | Fore and aft. 
; , not drawing f 
I. H. P. at 6.24 knots (reduced in ratio of 
8 
cubes of speeds = 371.2 X 6.99)" } 214.62 | 441.92 
(7-49) 
{ 





It might be objected that as the conditions of wind and sea are 
not absolutely identical in the two cases the comparison is not 
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strictly fair. In Table II. the effort has been made to get the 
circumstances of wind and sea as nearly the same as possible. 
The data are for 24 Hours, enroute from Panama to Payta, Peru, 
when the bottom was comparatively clean, and for 13 hours out 
of Honolulu, en route to San Francisco, in September of 1888. 


TABLE II. 


May 21, 1887. | Sept. 19, 1888. 


Bottom clean. | Bottom foul. 


Re ees ee rere 24 13 
Wind, points from ahead oto 3 4 
Wind, force.. se cecal 2to 4 
| SB OR heeend Moderate. * Moderate. 
Speed in knots 7-134 5.27 
Revolutions per minute......... ..c0. cesses eecees 42.33 36 53 
Indicated horse-power 393-4 311.3 
Slip of propeller, per cent 18.39 30.29 

i None. | Fore and aft 


HL P. at 5.27 knots, (reduced in r: gal 


, (§27.)% |] 
(7.134)? J J 158.0 
| 


cubes of speeds 393-4 & 


Some of the data of the “ Vandalia’s” dimensions are given to 


assist any examination of the figures in the tables. 


Length on water line, , ; , 217 feet 5 inches. 
Beam, . ; ; ; ; 39 feet o inches. 
Mean draught (load line), , : 17 feet 1 inch. 
Displacement (load line), . 2,084 tons. 
Wetted surface at mean steaming diate 
by Kirk’s analysis ; ; 11,000 square feet. 
Screw, diameter, . , ;, : 15 feet 6 inches. 
pitch, mean, . ; ; : 21 feet o inches. 
developed area, 81.8 square feet. 
material, ; ° p Composition. 


The hull is of wood and is coppered. 
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DIMENSIONS OF HULL. CYLINDERS. 
o SS ediienie i 
r] | 
3 Diameters. 
“ NAME OF VESSEL. 
8 Depth of |—— 
: Length. | Breadth. | Hold. | Stroke. 
2 | stI.P. | 2dI. P. | me 
m | 
| Inches. Inches. \ Inches. 
1.| Grace Darling.............. ay 28 - "20° 
ee 124% 18 12 
SF BIND iicbensenee cacsss anoees cn 43 63 42 
4-.| Buenos Aires.,........ ..++.. 64% g2 60 
Bh PORE s scceccses coceseseeees coccce | TEE dnccse | ica ineees + esamin 
6.| Kronprinz Fr. Wilhelm..| 43 61 48 
Fal BONNER co cccccesesesecc] vasces |  sevare a.) | eases 49 72 43 
8.| City of Venice ........... 52 7° 48 
g.| County of York........... 40 57 42 
Be EN ac casnendtee vouninchaneus 163 20% | 14 12 17 24 34 24 
Falls of Inversnaid........ 26 36 52 39 
: oon sen gesanssen ¢seess —_ ‘ae a -. 30 43 62 45 
.| Ballymena............ jane § 1 22 22% (2) | I 
8 A een 58 9% ; gas Parte. % aA, ey th } Brak 
























Reference | 
Number. 


| Speed in knots per 


hour. 




















PERFORMANCES. 





Revol’s per minute. 





Steam pressure. 
pounds per sq 
inch, 















360 





128.14 
100 


The I. H. P. d 


This power wa: 
From owner’s s 











1,700 
1,800 


On measured n 
Draught of ves: 











780 
940 
983.6 


Highest mean | 


“ “ 


Vacuum, 26 in 

















Vacuum, 27.5 i 






















TABLE I. 





























; | 
Bo!ILers. BUILDERS OF MACHINERY. | 
| 
Ba | | 
Working | betes : 
7 ; | pressure | of 
ke. na eee Kind. in pounds Name. Place, | 
; per square | 
| inch. | 
| 
es a ar 1 aans, ame wens ek : A PRI fot = ee | | 
> | 1 steel. 2-furnace. | 200 Fleming & Ferguson. | Paisley, Scotland. iF. & F§ 
2 \1 ” Return-tube. 180 * ° “s $6 L-* 
2 2 ** (?) | Double-ended. | 200 Royal Shipbldg. & Engrg. Co. de Schelde. | Flushing, ITolland. Yr ee 
J 13 a +180 | Denny & Co. | Dumbarton, Scotland. | Walter 
in. i. eames |. melee SS ee “ - " me 
8 | 2 “ Double-ended. 170 “ “ “ a 
2 12 “ “ 1 4 180 | “ ‘ec “ “ 
g l2 “ Single-ended. | 145 | Jas. Howden & Co, Glasgow, «“ Howden 
2 —. Return-tube. 164 Barrow Shipbldg. Co. Barrow-in-Furness, | seseeees 
I aux. z | 8 
4 I “ - 180 } Rankin & Blackmore. Greenock, Scotland. | J. F. & 
ey Ce em oo) are a ae ee 
sonnaceseccocts | -spnaubeusinecssbis pe *® Central Marine Engrg. Co. West Hartlepool. osesosad 
5 arg Pp 
5 ee | Herreshoff rect. coil.| 220 | Herreshoff Mfg. Co. Bristol, Rhode Island. | Herres 
ee I ” nen | 200 | Simpson, Strickland & Co. Dartmouth, Kingd 
| | 
—_ ———$3$ $$ $$$ —_—_—— — —— saa —— 











+170 also given. 


TABLE II. 











REMARKS. 





. derived from one set of indicator cards was 353.27, distributed as follows: II. P. cyl., 81.64; 1st I. P., 95.18; 2d L. P., 76 63; L. 








was derived from indicator cards, the distribution being as follows: H. P. cyl., 26.5; 1st I. P., 28.1; 2d I. P., 31.04; L. P., 42.5. 
’s statement, the coal consumption being 1.12 pounds of Scotch coal per I. H. P. 





1 mile, October 26, 1888. Fully loaded; weather unfavorable. 
vessel, light. 





in results. Displacement at time of trial, 4.599 tons. Rough sea. 
‘ “ “ “ a 2.970 “ ad 
inches. The power was derived from indicator cards. Initial pressure in H. P. cyl., 152. I. IH. P. on forward crank, 494 7; on ¢ 





5 inches. The power was derived from indicator cards. I. H. P. on forward crank, 491; on after crank, 494 5. 
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PERFORMANCES. 


Steam pressure 
pounds per sq 
























































CYLINDERS. 
—_—_ | — 
Diameters. 
| i) | Number and 
Stroke. Material. 
2 | 2d I. P LF | 
es s Inches. Inches. Inches. | eS rp 
20 28 20 | 1 steel. | 2-fi 
9 12% 18 | 12 | 1 25 Ret 
33 | 43 63 | 42 | 2 “ (?) | Do 
46% | 64% | 92 60 {3 . 
aon | ry ne “3 | Rae eves a, 
37 49 72 42 | 2 ” 
40 | 52 70 48 |2 “ Sin 
| 2 main ‘ ais 
28% | 40 57 42 Sea: \ ‘ Re 
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360 | The I. H. P. derived from one set of it 
1} 

a | cities lip iaaiedlndaantes cael 
128.14 || This power was derived from indicator 
100 | From owner’s statement, the coal consu 

| 
1,700 || On measured mile, October 26, 1888. 
1,800 Draught of vessel, light. 
780 || Highest mean results. Displacement 2 
940 “ “ te “ 
983.6 Vacuum, 26 inches. The power was ¢ 





Vacuum, 27.5 inches. The power was 






































Bo!ILers. BUILDERS OF MACHINERY. 
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Working | 








| Whose System or Patent 
| pressure | of Engines. 
Kind. in pounds | Name. | Place. 
per square 
inch, | 
ee eee roast | 
: 7 
2-furnace. 200 | Fleming & Ferguson. | Paisley, Scotland. | F. & F. 
Return-tube. 180 } 6 . “ “ | ss 
Double-ended. 200 | Royal Shipbldg. & Engrg. Co. de Schelde. | Flushing, Iolland. |: iliabaia seoccccee soecceee ° 
” +180 | Denny & Co. | Dumbarton, Scotland. | Walter Brock. 
| ‘6 | “ “ | “ 
Double-ended, “170 “6 “ “ | “ 
“ ( 180 | “ “ “ “ 
Single-ended. 145 | Jas. Howden & Co, Glasgow, 6s | Howden’s. 
Return-tube. | 164 | Barrow Shipbldg. Co. Barrow-in-Furness. | seeeesees sossseaes sensenens 
sas . | 180 | Rankin & Blackmore. Greenock, Scotland. J. F. & Matthew Rankin. 
‘mide ea pore ee ek ee 
| 
ecccccces coscscse =| saeece | Central Marine Engrg. Co. West Hartlepool. cacoebass svocnedes Secnsong 
Herreshoff rect. coil.| 220 | Herreshoff Mfg. Co. Bristol, Rhode Island. | Herresh« ff. 
+ sieht enceonneey | 200 Simpson, Strickland & Co. Dartmouth. | Kingdon, 
ia Solel J 








+170 also given. 








REMARKS. 





f indicator cards was 353.27, distributed as follows: II. P. cyl., 81.64; rst I. P., 95.18; 2d I. P., 7663; L. P., 99 82. 





tor cards, the distribution being as follows: H. P. cyl., 26.5; 1st I. P., 28.1; 2d 1. P., 31.04; L. P., 42.5. 
nsumption being 1.12 pounds of Scotch coal per I. H. P. 





3. Fully loaded; weather unfavorable. 





it at time of trial, 4.599 tons. Rough sea. 
“ oe 2.9790 “ Lad 
s derived from indicator cards. Initial pressure in H. P. cyl., 152. I. H. P. on forward crank, 4947; on after crank, 488.9. 





vas derived from indicator cards. I. H. P. on forward crank, 491; on after crank, 494 5. 
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QUADRUPLE EXPANSION ENGINES. 


Vi. 


DATA OF SOME QUADRUPLE EXPANSION ENGINES 
AND THEIR PERFORMANCES. 


By AsSsISTANT ENGINEER F. C. Bisc, U. S. Navy. 


1. “Grace Darling,” steel yacht. Launched, June 8, 1888. 
Tandem engines; two cranks at g0° ; to indicate 400 horse-power, 
with 200 pounds of steam and on a coal consumption of 400 
pounds per hour. The valve gear is of the link type; all valves 
are slide valves. The boiler is 10 feet in diameter and g feet 
long; two corrugated furnaces ;% inch thick, each 5 feet 4 
inches long and 36 inches in external diameter, with a total 
grate surface of 27 square feet. The tubes are 3 inches in ex- 
ternal diameter, No. 8 B.W.G.thick. The total heating surface 
is 752 square feet. There is one air pump, 12 inches, one 


circulating pump, 7 inches, and one feed pump, 234 inches in 


diameter, all with a stroke of 12 inches and worked by levers 
from the main engines. The condenser has 390 square feet of 
cooling surface. The propeller is 3-bladed, solid, 7 feet in 
diameter and 10 feet mean pitch. The whole of the L. P. and 
the bottom of the 2d I. P. cylinder is jacketted. The feed water 
enters the boilers at about 200° F. Darling’s patent evaporator 
and distiller is used to supply the waste of fresh water to boiler. 
The crank shaft is of wrought-iron, 5% inches, and propeller 
shaft, 6 inches in diameter. The three main bearings are each 
10 inches long. 

2. “Skeandhu,” yacht. The four cylinders are in the same 
horizontal plane; the H. P. and 2d I. P. cylinders being forward 
and the 1st I. P. and L. P. cylinders aft. A triangular steel cast- 
ing and short links connect each pair of pistons to its crank. 
The two cranks are 180° apart. It is claimed that the above 
combination is equal to one of four separate cylinders with cranks 
go° apart. The valve gear is of the link type; all valves are 
piston valves, having one rod and one chest for each pair of 
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valves. The air, circulating and feed pumps are worked by 
levers from the main engines. The propeller has two blades, 
set aft. 

3. “Bromo,” steel steamer. The I. H. P. is estimated at 1500. 
Weir’s feed water heater and evaporator are used. The draft is 
forced by two six feet fans, the air, before entering the furnaces, 
being heated by the waste gases. 

4. “Buenos Aires,” s.s. Disconnective tandem engines; two 
cranks at 90°. The estimated I. H. P. is 4300. The valve gear 
is of the link type ; there is one piston valve for each upper, and 
two double-ported slide valves, side by side, for each lower cy]l- 
inder. The H. P. cylinder is the forward upper one and the L. 
P. cylinder, the after lower one. The upper and lower cylinders 
have each only one stuffing box between them. There are 
no pipes or connections to upper cylinders; this arrangement 
allows these cylinders to be easily removed. The pistons are of 
stamped steel. The travel of the forward valves is 8 inches and 
of the after, 13 inches. The connecting rod is 120 inches long. 
There are four main bearings, each 25 inches long. The crank- 
pins are each 18 inches in diameter and 19 inches long. The 
condenser is rectangular, has 1303 tubes of 34-inch external 
diameter, and a cooling surface of 4604.8 square feet. There 
are two air pumps, each 26 inches, two circulating pumps, each 
14% inches, and two feed pumps, each 5% inches in diameter, 
all having a stroke of 24 inches, and worked by levers from the 
main engines. During the trial on the Clyde on Nov. 23, 1888, 
the ship attained a speed of over 15.5 knots on the measured mile. 

5. “ Jelunga,” steel steamer. Launched, Aug. 22, 1888; gross 
tonnage, 5,200. 

6. “Kronprinz Fr. Wilhelm,” s. s., belonging to the N. G. 
Lloyd of Bremen. Converted from compound engines, 48 inches 
by 88 inches and 48 inches stroke. The new engines were built 
at Dumbarton, shipped to Bremerhaven, and there set up in ship 
by the company’s force. The old boilers were single-ended, 
four in number and working with 60 pounds pressure of steam. 
The new boilers have 173 square feet of grate, and 4,338 square 
feet of heating surface. Weir’s patent feed-water heater and evap- 
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orator are used. The circulating water is supplied by a Gwynne’s 
patent centrifugal pump. During the trial on the Weser, on No- 
vember 7, 1887, the mean speed for six hours, between lights and 
on the measured mile, was 13.19 knots, the I. H. P. being about 
1,700. 

" 7. “Tenasserim,” steel steamer. Converted from compound 
engines, 47 inches by 82 inches and 42 inches stroke. This was 
the first steamer converted on Brock’s system. In this system, 
the old cylinders and boilers are removed, the old valve gear 
and frames being utilized for the new engines. All of the new 
valves are in the casing of the lower cylinders. Weir's feed- 
water heater and evaporator are used. 

8. “City of Venice,” s. s., 3,372 gross tonnage. Converted 
from compound engines, 50 inches by 86 inches and 48 inches 
stroke. The new three-furnace boilers, 14 feet in diameter and 
10 feet 10 inches long, have 80 square feet of grate and 4,006 
square feet of heating surface. Ample steam is furnished when 
engines are developing 1,800]. H.P. Weir's feed-water heater 
and evaporator are used. During a recent voyage of this ship, 
(steaming time, 60 days and 17 hours,) under forced draft, 1,472 
tons of coal were consumed, or 24 tons per day. In comparison 
with this performance, that of a sister ship, fitted with triple 
expansion engines, is interesting. The same voyage was made, 
(steaming time 58 days and 20 hours,) under natural draft, the 
coal consumed being 1,902 tons, or 32.2 tons per day. 

g. “County of York,” iron steamer, 2,282 gross tonnage. 
Tandem engines; two cranks at 90°. The valve gear is of the 
link type; piston valves for H. P. and 1st I. P. cylinders, and 
Thom’s patent slide valve for L. P. cylinder. The condenser is 
rectangular and contains 1,513 square feet of cooling surface. 
The air and feed pumps are worked by levers from the main en- 
gines. The circulating pump is independent and of the centri- 
fugal type. The main boilers are 12 feet in diameter and 6 feet 6 
inches long and have three furnaces each, with a total of gg square 
feet of grate and 2,692 square feet of heating surface. The fur- 
naces are Fox’s corrugated, % inch thick and 2 feet 9 inches in 
internal diameter. There are 188 tubes in each boiler, 6 feet 71% 
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inches long and 3% inches in external diameter. The auxiliary 
boiler has two furnaces. The propeller is 16 feet in diameter, 
has a pitch of 18 feet 6 inches and a projected area of 60 square 
feet. 

10. “ Myrtle,” yacht; tonnage, 318. Disconnective tandem 
engines, occupying same space as old compound engines; two 
cranks, counterbalanced. The valve gear is of the link type; 
piston valves for all cylinders. The condenser has 618 square 
feet of cooling surface. The air, circulating and feed pumps are 
single-acting, worked by levers from the L. P. cross-head, the 
two former being 14 inches and the latter, 3 inches in diameter, 
the stroke of all being 13% inches. The boiler is 11 feet 6inches 
in diameter by g feet 6 inches long, and has 2 Fox’s corrugated 
furnaces, 3 feet 5 inches in internal diameter. There are 52 stay 
and 115 ordinary tubes, all 3% inches in external diameter and 
7 feet long. The heating surface is approximately 1,395 square 
feet. The crank shafts are interchangeable. In case of accident 
to the H. P. cylinder, its stop valve is closed and steam of about 
69 lbs. pressure admitted direct to Ist I. P. cylinder. In case 
the L. P. cylinder is disabled, steam is exhausted from the 2d I. 
P. cylinder into the main exhaust pipe. A prolongation of the 
feed pipe passes nine times across the uptake, forming a feed 
water heater. The propeller is cast-iron, solid, and has four 
blades set aft. On May 21, 1888, a speed of fully 12 knots 
was attained, the weather being stormy. On May 25, 1888, 
during a three hours’ trial, the speed was about 11 knots, the 
consumption of coal being 1.2 pounds of best hand-picked Welsh 
coal per I.H.P. A trial was made on the same day with the 
propeller shafting disconnected, but all pumps (including feed 
and bilge pumps) working. Under these conditions the initial 
friction of the engines was found to be 834 per cent. 

11. “Falls of Inversnaid,” steel cargo steamer. Tandem 
engines; two cranks; virtually separate engines. The valve 
gear is of the link type. The air pump, single acting, and circu- 
lating pump, double acting, are worked by levers from the main 
engines. The main boilers are 11 feet in diameter and 13 feet 
long. The draft is forced by means of two independent Chandler’s 
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patent silent exhaust engines and fans, blowing into closed ash- 
pits. These engines (compound) exhaust into the L. P. cylinder 
casing, making them really triple expansion engines. Weir’s 
feed-water heater and evaporator are used. During the trial on 
Oct. 18, 1888, with 4040 tons of dead weight on board, the ship 
made nearly 9 knots per hour, consuming at the rate of about 
13 tons of Nixon’s navigation coal per day. This included the 
steam used for the steering engine. The firemen were not 
accustomed to forced draft nor the use of Welsh coal. 

12. “Suez,” cargo steamer. Tandem engines, converted from 
compound engines; two cranks. The H. P. and tst I. P. 
cylinders are fitted with special piston valves. The yearly wear 
of these valves is said to be about +}, of the diameter of the 
valves. On the first run from the North to Lisbon, Portugal, 
the coal consumption was 34 per cent. less than with the old 
compound engines, the kind of coal, number of revolutions, speed, 
and propeller, being the same in both cases. 

13. “Ballymena,” steel yacht. Launched, Oct.6, 1888. Five 
cylinders, side by side, in same fore-and-aft line. The valve 
gear is of the link type. Independent air and circulating 
pumps are provided. The condenser is automatic, when the 
vessel is under way, having an opening to the sea through the 
hull at each end; the pump is only used when the vessel is at 
anchor, or, while getting underway. The draft is forced by one 
blowing engine and a fan, 3 feetin diameter. The boiler occu- 
pies a space 8% by 8% by 6 feet high, outside dimensions, and 
has one furnace. The grate surface is 55 and the heating surface, 
1700 square feet. The propeller is of the Herreshoff type, four 
bladed, 5 feet 8 inches in diameter and 7 feet 2 inches pitch, and 
is made of aluminum bronze. 

Nore.—Such data as are now wanting to complete the tables 
will be published in future numbers of the journal. 
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STEAM TRIALS. 


“Vesvuvius.”—The results of the trials of this vessel have been 
looked for with more than ordinary interest, not only on account 
of the part she is intended to play in naval warfare, but also on 
account of the high speed stipulated in the contract—20 knots. 

The following are her principal dimensions: 


Length, . . R ‘ ; 246 feet 3 inches. 
Beam, ' : : ; . . 26 feet 6 inches. 
Draught, mean, . ; ; ; 9 feet 3 inches. 
Displacement at above draught, , 805 tons. 


She has twin-screw, vertical, triple-expansion engines, with 
cylinders 21%, 31, and two of 34 inches diameter, by 20 inches 
stroke, both engines being in the same compartment. The air 
pumps are worked off beams from the L. p. engines; the circulat- 
ing pump (one for both engines) is of the centrifugal type. 
There are four boilers of the marine locomotive type, working at 
a pressure of 160 pounds; they are 9g feet in diameter and 1g feet 
8 inches long, and have an aggregate grate surface of 200 square 
feet. 

The first preliminary trial in Delaware river was made Octo- 
ber 16, 1888, during which some slight defects were developed 
in the air pumps. On the second preliminary trial, November 
26, the bell-crank of the valve-gear of one engine broke. 

The first official trial, December 8, was made over a course 
4.57 knots long. The first run over this course was with the tide, 
and the speed over the ground was at the rate of 21.47 knots per 
hour. The steam was 162 at the start and i144 at the finish, the 
mean revolutions being 264, the mean pressure in the cylinders 
being given as 5934, 30%, 15, and 1434 respectively, and the 
collective 1. H. P. 3,746.5. Revolutions of blowers, 600. On the 
return run the bed plate of one of the blower engines broke, and 
the speed for the run was not high enough to bring the average 
for the two runs up to 20 knots. 

On the second official trial, December 27, she failed to make 
the required speed; average 19.57 knots. She was put over the 
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course again next morning, but this time one of the air pump 
beams broke. 

The course for the last trial, January 11, 1889, was reduced to 
2.5 knots, and was laid off in deep water near Delaware Break- 
water. The first run, which was made with the tide, the vessel 
drawing 9 feet 6 inches, was at the rate of 22.947 knots, and the 
second at the rate of 20.346 knots, the mean being 21.646 or 
1.646 knots more than the contract. The mean revolutions for 
these runs are given as 271.85, the boiler pressure 160, and the 
I. H. P., 4,295 without auxiliaries. As might be expected, the 
vibration in the cabin was quite marked during these runs. 

On the afternoon of the day preceding the day of the last trial, 
she was subjected to trials at different speeds. The results, to- 
gether with that for the official trial, are as follows: 


Speed. Revolutions. & oh F- 
10.6 125.3 340 
14.88 175.75 851 
18.94 230.6 1,918 
21.646 271.85 4,295 


It may be of interest to note the force employed merely for 
running the engines during so short a trial. Besides the con- 
tractors’ superintendent and the engineer in charge, there were 
eight machinists in the engine room, and two at the blowers, all 
of whom held certificates as.chief engineers or first‘assistants in 
the merchant service. Besides these, there were eight men in 
the two fire rooms, making a total of twenty people, besides those 
engaged in. taking data. The engine room was described asa 
mass of water and vapor. 

“Yorktown. ’—This vessel has had several preliminary,trials, 
and will soon be ready for the official trial. 

“ CHARLESTON.” —Has not yet been tried, but is expected to be 
ready about the first of March. . 

“ PETREL.”—Will probably be ready for trial in March. 


> 
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ENGLAND. 


By far the most noteworthy trials which have taken place dur- 
ing the past six months are those of the battle ships “ Victoria” 
and “Sanspareil,” sister ships, of the following dimensions : 


Length, ‘ ‘ - ; . 340 feet. 

Beam, . 70 feet. 
Draught, mean load, . ' 26 feet 9 inches, 
Displacement, . ; ; . 10,470 tons, 


The “ Victoria” was built by the Thames Shipbuilding Com- 
pany, and the “Sanspareil” by Sir William Armstrong, Mitchell 
& Co. The engines of both ships were designed and built by 
Humphrys, Tennant & Co., and are the most powerful triple- 
expansion engines which have yet beentried in any navy. They 
are vertical, twin-screw, having cylinders 43, 62, and 96 inches 
diameter, by 51 inches stroke, working with a boiler pressure of 
135 pounds, and were designed to develop 7,500 1. H. P., with 
natural, and 12,000 with forced draft. The cylinders are sup- 
ported on hollow steel columns, and the air pumps, as is usual in 
engines designed by this firm, are worked ffom the L. p. engines, 
Besides the main condensers, which have an aggregate cooling 
surface of 14,000 square feet, there is an auxiliary condenser in 
each engine room. Steam is supplied by eight four-furnace cyl- 
indrical boilers, placed in four water-tight compartments. The 
coal bunker capacity of each ship is 1,200 tons. 

The following are the mean results of the trials, each of which 
was of four hours’ duration, the ships in each case having been 
brought down to their designed load draught: 





Name of Ship..........+.-++. VICTORIA. SANSPAREIL. 





Natural or forced draft... Natural.* Forced. Natural. | Forced. 





Starboard or port engine.| Stbd. | Port. | Stbd. Port. Stbd. | Port. | Stbd. Port. 








































Boiler pressure.........++++++ 131. 131. 133. 133. 133-6 | 133.6 130. 130. 

Vacuum.......004+ eee 27.8 26.8 27.4 27.0 27.5 27.5 26. 26. 

Revolutions .. ool §6=— OF. 88.5 103.26 100.37 86.86] 87.37] 100.76 100.7 
1» EH. P.cccococcccce- seeds scvcce] 3G | 4,888. | 7,807. 7,337. 3,929. |4,110. | 7,216. 7,266. 

I. H. P., collective........ 8,038. 14,244. 8,039. 14,482. 

Speed by patent log........ 16. 17.25 16, 17-75 

Air pressure in fire rooms 1.97 1.90 





*In the English navy, this trial is made with what is called. ‘‘ open stokeholds”’, that is, the fire 
rooms are not closed air-tight, but the blowers are used to assist combustion. 
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The small gunboats of the “P” class (“ Peacock,” “ Pigeon,” 
“Pheasant,” “Partridge,” “Pigmy” and “Plover,”’) completed 
their trials recently, and the appended table gives the results for 
three of them. The others gave about the same results. They 
are composite vessels, of the following dimensions: 


Length, , ; ; 165 feet. 
Beam, , , ; 30 feet. 
Draught, mean load, . , II feet 4 inches. 
Displacement, : , 755 tons. 

All of them have single-screw, horizontal, triple-expansion en- 
gines, with cylinders 20, 30 and 45 inches diameter by 24 inches 
stroke, working at a boiler pressure of 140 pounds. The weight 
of machinery is 110 tons, and the coal supply 105. 

The engines of the “ Pheasant” and “ Partridge” were built at 
Keyham dockyard; the others by the Naval Construction and 
Armament Company (Barrow). 

The natural draft trials were of twelve hours’ duration., 
these being the first vessels to come under the new Admiralty 
requirement ‘for this trial; the forced draft trials were, in each 
case, of four hours’ duration. 


’ l 
Name of vessel “ Peacock.” “ Pigeon.” | ‘ Pheasant.” 





F. D. Ds it RD Pes | F. D. 


Mean draught on trial 11’ 4// 9’ 8%/7| um’ 3/7| a8” 4/ 
Boiler pressure | 142 143 | 134 138 








Mean pressure, H. P. cyl....| ; 46.5 F .4| 41.0 48.8 
“ a 1. P. ee ’ 22.4 | 5 ah: Re 24.2 


“ ” » Pe cose! ‘ 14.3 | 9.3 15.0 
Vacuum ; 22.0 | 25.0 24.2 
Revolutions per minute ’ 189.2 .9 | 169.6 185.1 
336 | 265 344 

ee a | 363 | | 257 384 

fies . 522 | | 302 536 

alien | 1221f | | 824t | 1264 
Speed by pat. log...... coe 13.5 | 13.4 
Coal pew 5. Thy Posnc-csvseees 2.3 | 1.95 











| 

* On a previous trial, the 1. H. P. was 690 for seven hours, but the trial had to be 
abandoned on account of priming in the boilers; fires were hauled, and the ship 
towed into port. 

+ Had a previous trial with forced draft. 

ft On her commissioning trial, with “ open stokeholds,”’ she developed 815 I. H. P., 
the revolutions being 160.5; steam, 130; vacuum, 24. By an Admiralty order, the 
engines are not permitted to be run so as to develop more power on this trial than 
hat developed on the contractor’s trial with natural draft—but the fans may be used. 
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The “ Nymphe” and “ Daphne,” twin-screw, composite sloops, 
have also, after a number of unsuccessful efforts, completed their 
trials. Their engines, which are horizontal triple-expansion, 
were built by the Greenock Foundry Co., a new aspirant for 
Admiralty work, and were designed for 1,400 I. H. P., with 
natural and 2,000 with forced draft. The followin-z are their 
principal dimensions : 


Length, . : ; ; , 195 feet. 

Beam . : : : . 30 feet. 
Draught, mean load, ; ; 12 feet 2 inches. 
Displacement, tons, . P 1,140. 


The cylinders are 18%, 29% and 43% inches diameter, by 24 
inches stroke, working with a boiler pressure of 140 pounds. 
There are two three-furnace boilers. 

The machinery is protected by a curved deck which is 9 inches 
above the water line over the boilers. The coal bunker capacity 
is 160 tons. 

These little vessels carry an exceptionally heavy battery— 
eight 5-inch rifles, and eight machine guns—and are denominated 
“mistakes” by English naval officers. 

On the “ Nympue’s” first trial with “open stokeholds” the feed 
pumps gave so much trouble that the fires of both boilers had to 

- be hauled; the vacuum was also very poor. After alterations 
in the feed pumps and air pump plungers, trials were had with 
the following results: 





Natural draft. Forced draft 
Mean draught, . . 12 feet 2 inches. 
Boiler pressure, . 128 135 
Revolutions, . , 149 169 
Vacuum, ; , “indifferent” 21 
3 2s ‘ : 1,440 2,076 
Speed by patent log, 12.8 14.5 
Coal per I. H. P., ,' 2 “Somewhat large”. 


Tue “ Dapune.”—1,463 I. H. P. with natural, and 2,084 with 
forced draft, the revolutions in the last case being 170, and the 
speed 14.1 knots. 








~-~ noo a 
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“Mepea.”—The trials of this vessel have been looked for with 
more than ordinary interest, from the fact that she is the first of 
the new 20-knot protected cruisers. She is built of steel and is 
of the following dimensions: 


Length, ; ; ; 265 teet. 

Beam, . , : 41 feet. 
Draught, mean load, . ; 16 feet 6 inches. 
Displacement, tons. , 2,800. 


The only sail carried is fore-and-aft steadying sail on two 
masts. 

The engines, by Humphrys, Tennant & Co., are twin-screw, 
vertical, triple-expansion, with cylinders 33%, 47 and 74 inches 
diameter, by 39 inches stroke, working with a boiler pressure of 
155 pounds, designed to develop 5,500 I. H. P. with natural, and 
9,000 with forced draft. The tops of the cylinders, which are 3 
feet 6 inches above the water line, are protected by 5-inch steel 
coamings placed at an angle of about 25 degrees about the en- 
gine rooms. The boilers, of which there are four, are cylindrical 
double-ended, 12 feet diameter, with three ‘furnaces at each end, 
The weight of the propelling machinery is 630 tons. 

On her twelve hours’ natural draft trial, the I. H. P. is reported 
as 6,100, the revolutions 130, and the speed about 18 knots. 
She has had several forced draft trials, two of them having to be 
discontinued on account of the breaking down of the fan engines 
and trouble with the feed pumps. On her last trial, the I. H. P. 
was 9,180, and the revolutions 140, but she failed to come within 
a knot of the speed of 20 knots for which she was designed, and 
now she is to have new screws. 

The “ Medusa,” a sister ship to the “ Medea,” is nearing com- 
pletion, as are also the “ Marathon,” “ Melpomene,” and “ Magi- 
cienne,” sheathed ships of the same class. 

Since the trial of the “ Medea” it has been decided to lay down 
an improved vessel of this class, to be 60 feet: longer and to have 
2 feet more beam. 








CASUALTIES AND REPAIRS. 


CASUALTIES AND REPAIRS. 


[It is the purpose of the Council to illustrate under this head the practical methods 
adopted on board ship for doing such work as would ordinarily have to be done in a 
shop, or ingenious methods which have been devised for doing such work as that 
described below. In sending in such items sketches should be made on plain white 
paper, and rolled, not folded. ] 


The following account of the method employed by Chief En- 
gineer Baker, to examine the main injection valve of the “ Lan- 
caster”, was communicated by Assistant Engineer Howard Gage. 

Careful measurements were made of the position of the bolts 
securing the flanges ¢ c, anda gasket of %-inch cloth-lined rub- 
ber was made from these measurements, the hole in the centre 
of the gasket being left just large enough to admit a man’s arm. 
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A, main injection valve. B, bilge injection valve. 


Tackles were rigged to lift B, and blank flanges and backing 
were provided to block up the passage in ¢ ¢ should it be found 
necessary. Joints ¢ ¢ and d d were then broken, the valve lifted 
out, and, after a short struggle with the entering water, the rub- 
ber gasket secured to the face cc. On passing the arm through 
the hole in the gasket, the flow of water was stopped and the 
valve examined by touch. 

B is about eight feet below the water line. 

This examination was made because the main injection valve 
would not seat. 
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THE Royat NAvAL ENGINEERS’ Note Book. By John Harvey, 
Fleet Engineer, R. N. Chatham: Gale and Polden. 

This work, intended as a note book for engineers afloat, while 
partially filling a much needed want of Naval Engineers, is very 
disappointing to those who had formed their opinions from the 
press notices, and it is much to be regretted that the author did 
not increase its usefulness, which might have been done with 
little additional labor and at small increased cost of publication. 

The information given on general engineering subjects of 
almost daily use is too meagre, and some important subjects are 
entirely omitted. The index, in not being alphabetically arranged, 
is almost valueless, and as the subjects are not alphabetically 
arranged it takes some time to find what you want. The space 
devoted to description of the ship and machinery is too small. 
The omission of tables showing valves to be opened or closed to 
pump out or fill a compartment is to be regretted. Altogether 
the book is a good one to build upon. 

Tue Tecunic.—This annual of the Engineering Society of the 
University of Michigan for 1888 contains, amongst a mass of 
other readable matter, an illustrated description of the new En- 
gineering Laboratory, which is under the direction of Prof. M. 
E. Cooley, formerly an Assistant Engineer U. S. Navy, and will 
be a fit monument to his zeal and industry. Prof. Cooley con- 
tributes an article on Dynamics of Reciprocating Engines, of 
which want of space forbids more than a mention. 


THE “SANDFLY.” 


Among lessons to be learned from the naval manoeuvres, so 
far as they have gone, we must lay to heart the experience gained 
by a consideration of the eccentric action of the “ Sandfly.” Her 
misfortunes appear to be due to wrong construction, and not in 
any way to bad material, scamped work and inferior finish in 
sending her to sea. Whatever may be her qualities in smooth 
waters, the experience of her officers illustrates her value for such 
purposes as she is now put to. From their statements it seems 
that in light weather all the way from Portland, while the “ Her- 
cules” moved with the least possible motion, the “ Sandfly” pitched 
and rolled so violently that the pendulum intended to register 
the heeling of the vessel proved useless. It registers only thirty 
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degrees on either side, and the “ Sandfly” rolled nearly forty-five, 
the pendulum striking from side to side. * * * The ship’s 
company toa man were sick,as men never were before. * * * 
On the bridge, which is as high as the funnels, the seas dashed 
up as they do against a cliff, lashing the salt water into the eyes 
of those on watch. * * * Forward of this bridge no man 
could go, for it was as freely under water as the bows of a cayak; 
and the four-inch breech-loader that stands there might as well 
be a champagne bottle, for any harm it could do an enemy while 
the vessel is under way. * * * The “Amphion” steamed 
easily her fifteen knots high out of water, while the “Sandfly” 
could make but six knots, and then rolled and pitched so that 
fighting of any kind was out of the question. * * * That 
she can neither make speed nor fight at sea is evident, and, what 
is worse, it is, in the mind of her officers, an open chance whether 
on any open sea distance she would reach her destination. Her 
short run has so battered her that now she is undergoing repairs. 
Her machinery has all the intricacy of clock-work, with much of 
its fragility. The slightest imperfection anywhere disables her, 
and no one on board was sanguine enough to think that she could 
float long unless she could keep her head.to the sea. Her deck 
is so close to the water that one can sit and dip his toes in the 
water over the side, as was the case with the original monitors of 
the American Navy; but, unlike those vessels, the “ Sandfly” has 
bulwarks that hold the water when it rushes over the side, artd 
so destroy the ship’s chance of freeing herself rapidly. * * * 
What the boat can do in smooth water is no doubt great, but as 
a war vessel, for general use, she has proved a complete failure. 
—United Service Gazette, August 4, 1888. 


The correspondent of the Army and Navy Gazette has this to 
say about the behavior of the torpedo boats: 

“ No. 42 showed her keel from bow to midships, and then dipped 
till she almost stood on her nose. No. 61 had eighteen inches 
of water between decks, and had the ejector been used to pump 
it out, they would have had to ruin their boilers by using salt 
water.” 


The Saturday Review in an excellent article on “The Naval 
Manoeuvres,” emphasises the opinion expressed by one of the 
Times’ correspondents that the real cause of so many break- 
downs in the machinery of modern ships is to be found in the 
persistent endeavor of naval architects to cram three horses into 
a‘ stable with stalls for two. The result is that engines and 
boilers cannot be made heavy enough—which is synonymous 
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with strong enough—to withstand the strains to which they are 
subject nowdays. They have no staying power. They may be 
excellent performers on the measured mile, but nowhere else, 
and never again. As the Saturday says, a ship that begins by 
making 14 knots, and keeps on making 14 knots, is better than 
one that begins at 18 and rapidly dwindles to 10, accomplishing 
even this latter speed with much puffing and groaning, and oc- 
casional pause to take breath. It will hardly be believed to what 
absurd lengths this saving of weight in machinery has been 
carried of late. We are ourselves acquainted witha ship, one of 
the belted cruisers, in which it was proposed by the Chief En- 
gineer to fit a small piece of piping with the object of improving 
her feed arrangements; the length of the new fitting was, say, 3 
feet, and the weight of it 20 pounds. Not long ago it would have 
been objected to on account of cost, but in this case it was re- 
fused on the score of the extra weight that would be involved, 
although its extreme usefulness was readily admitted by the 
authorities. This same vessel has been supplied with a bell which 
is big enough for a cathedral, and is hung from a bracket heavy 
enough to serve as a derrick for hoisting out her steam cutter. 
—Army and Navy Gazette, Sept. 1, 1888. 





_ THE FOLLOWING particulars of the “belted cruiser,” “Orlando,” 
which are given in a Parliamentary return, thesdata having been 
furnished by the Admiralty under date of April 29, 1888, will 
give a very good idea of the distribution of weights in a modern 
ship. 

The “Orlando” has twin-screw, horizontal triple-expansion 
engines, with cylinders 36, 52 and 78 inches diameter, by .42 
inches stroke; cylindrical, double-ended boilers—grate surface 
540 square feet, heating surface 16,055 square fect, steam pres- 
sure 130 pounds; condensing surface 12,000 square feet. 

On her contractors’ trial she developed 5,617 I. H. P. with 
natural draft, and 8,620 with forced draft. Before starting for 
Australia, where she is now stationed, she had a series of mea- 
sured mile trials at different speeds, the mean of the four runs at 
full power giving 17.14 knots and 7,407 I. H. P., or only 86 per 
cent. of that maintained for four hours on the contractors’ trial.* 


* The First Lord of the Admiralty, in his statement explanatory of the navy esti- 
mates, 1888-89, says: “It is satisfactory to report that no less than 70 to 8o per cent. 
of the contract horse-power developed on the measured mile or six hours’ contractors’ 
trials, has been developed underthe severer conditions of 96 hours’ continuous strain- 


ing. ° 
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The ventilation of the fire rooms is so bad that en route to 
Australia the men could with difficulty be kept at work. The 
arrangement of coal bunkers is also faulty, necessitating the pass- 
ing of the coal by hand from the forward bunkers. The extra 
work thus entailed, combined with the fact that the men were 
put on an allowance of a pint of water a day, owing to the fresh 
water distiller having broken down, almost led to a mutiny. 


** ORLANDO ” As designed | As completed. 


| | 





| Feet. Inches Feet. Inches. 






























Length between perpeneeanets... ecsescesocesscoconcrses joo (OO joo oO 
Breadth, TS | 56 o 56 o 
Load draught, forward 19 6 ar 0 
GD wcines 22 6 ' 24 #0 
eT | 21 0 j a2 «66 
Displacement... | *5,040 *5,535 
I P. | t 8,500 | 8,620 
Full speed, socesccoccors ; 18 18% 
Height of armor lev load water line..........cssese0 1 foot 6 inches Upper edge is just level! 
| | with water line. 
Depth of armor below water line........00.000+++eeeeees 4 feet o inch, 5 feet 6 inches 
Coal at above load draught...... tons...| t440 | 750 
COBREE OF Bee Bscscccccscosccsecccoreocceccsoseesenseccvees goo | goo 
i 292-inch(18ton) | 29.2-inch (22 ton). 
| 120 6-inch (4% ton). | 10 6-inch (5 ton). 
| 66-pdr., R. F.'G.. | 66-pdr., R. F. 
AFMAMENE .....0000000eceseeeenessasevenonerseserseereceeesecee 4 | TO 1-inch Nordenfeld¢; | 10 3-pdr,, R. F. G.: 
| boat and field guns; boat, field and smali 
torpedoes | machine guns; tor- 
| pedoes, 
Complement of officers and MeN....... ...+. ..2...seeseeeee | 350 455 
Weights : 
ater and tanks........++ Or seccsscesccocecccese-cosese ) 
Provisions and tare........ ee 
Officers’ stores and slops : } 
Officers, men and effects. - \ 
Masts, spars and rigging. tao | 3°5 394 
Anchors and cables .... ooo 
TRSGED -ncccccncrececacesesccens ae | 
Warrant officers’ stores .. Ji 
Guns, carriages and slides, pow Ss, | 
torpedoes, electrical stores, &c, 350 43° 
Machinery, propelling - 800 795 
Engines for electric lighting, capstan, steeri ing, | 
torpedoes, &c } t1s5 1 34 
Engineers’ stores | 45 37 
Coals .....sereve-reee | 440° 750 
Conning tower. 80 80 
Director tower.... ey ee 5 
ION :« cunsnecescneteparenauiindinnamaseianeten 2,945 § 3,010 
IE inncindinscttesusdvetstintniabdioainnaniiil tons...| 5,040 5,535 
' 





* The displacements are for the ship as laid off. (The British Navy Estimates give it as 5,600 and 
the mean draught as 22 feet 8 inches.—Ep.) 

¢ The design upon which tenders were invited specified compound engines of 7,500 i.h p, with 
goo tons of coal on board, altered in accepting tender to triple-expansion engines with 440 tons of 
coal. 

t Electric light not included. 

| Including electric light. 

{ Includes weight due to adoption of central power hoist arrangements, electric lighting, bridge, 
increased accommodation for largely augmented crew, davits, skid beams and other fittings for addi- 
tional boats, and increased thickness of armor at ends of belt. 











































EXAMINATIONS. 


EXAMINATIONS. 
U. S. Navy Regulation Circular No. 52. 


Navy DEPARTMENT, 
WASHINGTON, December 26, 1888. 
U. S. Navy Regulation Circular No. 16, dated November 17, 
1874, is hereby rescinded, and the following substituted therefor : 


Before an Assistant Engineer can be promoted to the grade of 
Passed Assistant Engineer in the Navy, he must have been ex- 
amined by a board of officers of the Medical Corps and found 
physically qualified, and have established, to the satisfaction of 
a board of officers of the Engineer Corps, his mental, moral and 
professional qualifications to perform efficiently all the duties, both 
at sea and on shore, of the grade to which he is to be promoted. 

A candidate for promotion to the grade of Passed Assistant 
Engineer must have served at least three years at sea as an 
Assistant Engineer on board a naval steamer. 

The testimonial letters concerning him, required by the Regu- 
lations from all the commanding and senior engineer officers 
under whom he may have served, will be placed before the ex- 
amining board by the Department. 

The candidate will be examined on the following subjects: 

1. Testimonials. 

2. Details of construction of the various marine boilers com- 
monly used, and of their attachments. Causes of deterioration 
of boilers. Means of preserving boilers. The different methods 
of applying forced draft. Causes of priming, and the means used 
to remedy and prevent it. The different methods used to in- 
crease the circulation of water in boilers, and their advantages 
and disadvantages. 

3. Principles, peculiarities and details of construction of the 
different kinds of modern steam expansion valves, valve-gears, 
condensers, air and circulating pumps, feed pumps and their 
connections. Derangements in their operation, the causes thereof, 
and the means used to prevent-and correct them. Details of con- 
struction of the various steam pumps in use, and the advantages 
and disadvantagés of each. 

The examination on the subjects included in paragraphs 2 
and 3 will be on modern practice as far as possible, so that the 
candidate may have an opportunity of showing that he is familiar 
with the recent changes in modern naval and marine engineering. } 

4. Practical building and repairing steam machinery, includ- 
ing the details of molding and casting. The candidate will be 
required to trace the progress of a part or piece of the machinery 
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of a naval vessel (the subject to be designated by the board) 
from the raw material, through the various stages of making and 
fitting, to the finished piece in the mechanism, and to show his 
knowledge of the various processes and tools employed during 
this work in the pattern and boiler shops, foundry, smithery, 
machine and fitting shops, and in placing the piece in its position 
in the vessel. — 

5. Theory, laws and construction of the various kinds of screw- 
propellers. Theory of the steam engine, the calculations con- 
nected therewith, and the interpretation of indicator diagrams. 

6. Strength of materials and the influence of form in connec- 
tion therewith. Tests of materials. Description of the different 
kinds of dynamos in use. 

7. A working drawing showing the necessary dimensions of 
some piece of the engines or boilers of a naval vessel, from data 
given by the board, the component parts thereof to be propor- 
tioned to the work and strength required of them. The draw- 
ing to be made in the presence of, and to be graded by, the 
board, according to the correctness of the design and the pro- 
ficiency in mechanical drawing. 

8. The candidate will be required to write, in the presence of 
the board, an original essay, not less than five nor more than ten 
pages of foolscap in length, on some engineering subject which 
the candidate has investigated, made a study of, or experimented 
in. In grading the essay, especial weight will be given to the 
importance of the subject and to the manner of treating it, but 
the style of the language will also be marked. 

g. French, or any other foreign language with which the can- 
didate is familiar. 


VALUATION OF SUBJECTS. 


Nat, . ; , ; - . 100 
No. 2, ‘ ‘ ‘ : ‘ 120 
No. 3, . , ‘ > 
No. 4, , j 2 ; : 150 
No. 5, . , inl a . go 
No. 6, : ‘ : : ; 100 
No. 7, . es . a 
No. 8, , ; R go 
No. 9, . ; ; : : 80 

Total, : ; _ ; - 1,000 





700 


Lowest satisfactory, 


WILuiAM C. WHITNEY, 
Secretary of the Navy. 

















EXAMINATIONS. 


U. S. Navy Regulation Circular No. 53. 


Navy DEPARTMENT, 
WasuinctTon, D. C., December 26, 1888. 
U.S. Navy Regulation Circular No. 46, dated December 7, 
1885, is hereby rescinded, and the following substituted therefor : 


Before a Passed Assistant Engineer can be promoted to the 
grade of Chief Engineer in the Navy, he must have been exam- 
ined by a board of officers of the Medical Corps and found phys- 
ically qualified, and have established, to the satisfaction of a board 
of officers of the Engineer Corps, his mental, moral and profes- 
sional qualifications to perform efficiently all the duties, both at 
sea and on shore, of the grade to which he is to be promoted. 

A candidate for promotion to the grade of Chief Engineer 
must have served at least two years at sea as a Passed Assistant 
Engineer on board a naval steamer. 

Interrogatories will be addressed by the board to commanding 
and senior engineer officers under whom the candidate may have 
served for answers as to his mental, moral and professional fitness 
for promotion. 

The candidate will be examined on the following subjects: 

1. Calculations for the design of engines, boilers, propellers 
and auxiliary machinery of a naval vessel, upon data to be given 
by the board, and the proportioning of such principal parts of the 
engines as the board may require. The candidate to lay out the 
general plans of the machinery to suit a given space, and to make 
a general working drawing of one of the boilers. He will be 
allowed the use of such tables and formule as are necessary to 
enable him to make his design. 

2. Practical building and repairing machinery. Making and 
fitting the various parts of marine engines, auxiliary machinery, 
boilers and screw-propellers. Precautions to be observed during 
the inspection of the work in its various stages. Erecting, secur- 
ing and aligning the machinery on board wooden, iron or steel 
vessels. The candidate to show a thorough familiarity with, and 
knowledge of, the various processes employed in the different 
shops; also, with the preparation of the machinery for the pre- 
liminary and others trials. Derangements in, and breakdowns 
of, naval machinery, and the means adopted to remedy and repair 
them. 

3. Advantages and disadvantages of the different kinds of 
marine engines (simple and multiple expansion). General theory 
and practice of iron and steel ship-building. 

4. Deterioration of boilers, and causes and remedies thereof. 
Practical metallurgy. Tests of materials. 
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5. The candidate will be required to write, in the presence of 
the board, an original essay, not less than seven pages of fools- 
cap in length, on engineering matters in general. 

[This essay is intended to give the candidate an opportunity 
to express his views on the progress of engineering science, and 
on the changes and improvements made in the practice of marine 
engineering. The essay will be marked with reference to the 
value and correctness of the subject-matter, and to the style of 
the composition. ] 

VALUATION OF SUBJECTS. 
No. 1, : ; ' 270 
No. 2, . ; 220 
No. 3, ; : 170 
No. 4, . ; ; 170 
No. 5, , ? , 170 


Total, 1,000 


Lowest satisfactory 700 


WituraM C. Wuirtney, Secretary of the Navy. 





OBITUARY. 

The Engineer Corps of the Navy has met with a loss in the 
death of Chief Engineer Edwin Wells, who died on board the 
“Omaha,” at Shanghai, China, January 8, 1889. 

He was one of the older and well known members of the Corps, 
and an ornament to the service socially, as well as professionally. 
His name always awakened among his old shipmates the memo- 
ries of his genial and kindly wit, and during his long period of 
service he has not left a single enemy, but all his acquaintances 
were his friends. 

He was born at St. Mary’s, Chester County, Pa., September 
15, 1837; entered the service as Third Assistant Engineer, July 
3, 1861; promoted to Second Assistant, December 18, 1862; to 
First Assistant, January 30, 1865, and to Chief Engineer, May 
31, 1880. He served during the war from July, 1861, to Feb- 
ruary, 1865, 0n the steamers “ Rhode Island” and “San Jacinto”, 
of the Blockading Squadron; from 1865 to 1867 on the “ Wi- 
nooski”; 1867 to 1872 on the “ Michigan”, “ Contoocook”, “ Quin- 
nebaug”, and “ Wasp”; September, 1872, to November, 1873, at 
Naval Station, New London; to January, 1876, as member of 
Naval Examining Board, Washington; to 1879 on the “ Talla- 
poosa”; 1880 to 1883 on the “ Marion” ; 1884 to 1886 on duty 
connected with the new cruisers; on the “Omaha” from June 22, 
1886, until his death, January 8, 1889. 








